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 ABSTRACT OF THESIS 
 
 
 
 
THE IMPACTS OF LOGGING WITH CURRENT AND MODIFIED BEST MANAGEMENT PRACTICES ON 
WATERSHED CHARACTERISTICS IN EASTERN KENTUCKY 
 
 
In Kentucky, Best Management Practices (BMPs) were developed to protect the 
integrity of water resources during and after silvicultural operations, but their effectiveness is 
largely unknown. The study objectives were to (1) quantify the extent to which current BMPs 
minimized logging-related changes in stream water quality, channel morphology, and the 
content of woody debris and (2) quantify the extent to which modified BMPs influenced these 
characteristics. Six watersheds in eastern Kentucky were commercially logged in 2008-2009. In 
each watershed, one of three treatments was implemented (each replicated once). Treatment 1 
(BMP) was based on current Kentucky BMPs. In treatments 2 (BMP+) and 3 (BMP++), current 
BMPs were modified with additional protective measures. Before the harvest, sampling sites 
were established in each watershed. Channel morphology and woody debris data were collected 
at each site in 2006 and again 2014. Data for water chemistry were retrieved from ongoing 
sampling records. BMP watersheds were compared to one another and to unharvested control 
watersheds in each year independently. Data within each individual watershed were also 
compared across years. The results indicate that current BMPs were effective in minimizing 
changes in the watershed characteristics examined here, and the benefits of modified BMPs 
were highly variable. 
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CHAPTER 1: INTRODUCTION 
 
This chapter serves as an introduction for the entire thesis. Three different topics are 
reviewed in detail to provide all necessary background information and rationale for the present 
study. These topics include (1) the impacts of logging operations on three different but related 
watershed characteristics: water quality, stream channel morphology, and the 
content/distribution of woody debris; (2) the benefits of best management practices (BMPs) in 
logging operations; and (3) improving best management practices for logging operations. The 
primary objectives of the present study are then listed at the conclusion of this chapter.   
 
1.1. The Impacts of Logging Operations on Watershed Characteristics 
 
Research has demonstrated that logging operations have the potential to influence the 
characteristics of forested watersheds. Ralph et al. (1994) studied the impacts of harvesting on 
two different watershed characteristics, channel morphology and the instream 
content/distribution of large woody debris (LWD). In eastern Kentucky alone, the impacts of 
logging on instream sediment content, streamwater chemistry, and instream and riparian coarse 
woody debris (CWD) distribution have been explored in detail (McClure et al., 2004; Witt et al., 
2013; Arthur et al., 1998). It is important to understand the effects of harvesting on each of 
these characteristics independently, as this information is useful in developing guidelines that 
pertain to water resource management in eastern forests. However, it should be noted that all 
of these characteristics have the capacity to interact with one another, and it is the combined 
effects that ultimately determine the quality of water associated with a given forested 
watershed. 
Streams in logged watersheds are often associated with higher nutrient concentrations, 
elevated levels of suspended sediment, and warmer temperatures (Arthur et al., 1998; McClure 
et al., 2004; USEPA, 2005). Mechanisms by which nutrients are added include leaching and 
transport via soil and water (USEPA, 2005; Grace III, 2005). According to Stringer and Perkins 
(2001) however, sediment is very important to consider.  
Many have cited logging roads as important sources of sediment in forest operations 
(Patric, 1976; Arthur et al., 1998; Grace III, 2005; USEPA, 2005). Previously protected mineral soil 
may be uncovered during the road-building process (Patric, 1976) and once constructed, roads 
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are capable of channelizing water (USEPA, 2005). In addition, roads are associated with multiple 
factors that are known to increase the likelihood of erosion, such as frequent disturbance and 
compaction (Grace III, 2005; USEPA, 2005). Of particular concern are places where logging roads 
and stream channels intersect (Grace III, 2005). Research has shown that both improved and 
unimproved stream crossings have the potential to contribute sediment to the stream system in 
excess of that naturally present in unharvested watersheds (Witt et al., 2013). Particulate 
matter is not only derived from logging roads but also from stream channels themselves (Patric, 
1979). Arthur et al. (1998) cited an increase in water yield and its effect on streambank erosion 
as a primary source of suspended sediment in harvested watersheds. 
Considering the potential for stream channels to generate sediment and contribute to 
water resource impairment, it is important to understand the effects of harvesting on stream 
channel morphology. Ralph et al. (1994) studied the impacts of harvest intensity on the 
dimensions of key morphological features (riffles, pools, and cascades) in streams of western 
Washington. They found that on average, pools were shallower and smaller in sites associated 
with intensive harvest activity (Ralph et al., 1994). This implies that harvesting may induce 
changes that provide for the redistribution of sediment in stream systems.  
Understanding the impacts of harvesting on woody debris distribution is important 
because changes in this process have implications for channel morphology, instream sediment 
content, and streamwater chemistry. Recruitment is a natural process (Keller & Swanson, 1979), 
but studies have shown that harvesting can alter the size, volume, spatial distribution, 
abundance, biomass, state of decomposition, and nitrogen content of woody inputs in stream 
and riparian areas (McClure et al., 2004; Ralph et al., 1994). The collective size distribution of 
woody debris has been observed to increase (McClure et al., 2004) and decrease (Ralph et al., 
1994) in response to harvesting. Higher mean length values for riparian coarse woody debris 
(CWD) in eastern Kentucky have been attributed to the presence of logging slash (McClure et al., 
2004), while the trend towards smaller diameter debris in harvested sites of western 
Washington was validated with a statement regarding the presence of large riparian trees in 
unharvested sites (Ralph et al., 1994). Ralph et al. (1994) studied the impact of harvesting on 
woody debris position within the stream channel and found an inverse relationship between the 
percentage of wood distributed within or partially within the low-flow channel and the intensity 
of harvest (Ralph et al., 1994).  
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At the most basic level, wood that falls into a stream can influence the pattern and 
quantity of sediment stored or lost from that system (Keller & Swanson, 1979; Marston, 1982). 
This is largely related to the position of wood within the channel and its impact on streamflow. 
Sediment loss may be prevented or reduced when wood is present within or along the channel 
banks or when it contributes to a reduction in stream energy. Alternatively, sediment loss may 
be accelerated when wood diverts water into adjacent channel banks (Keller & Swanson, 1979). 
Accumulations of wood know as debris jams (Keller & Swanson, 1979) or logjams (Wohl, 2013) 
are also very important to consider. These structures are composed of wood, sediment, and 
other organic materials (Harmon et al., 1986), and they partially obstruct stream flow. They can 
contribute to local channel widening and influence the distribution of sediment upstream and 
downstream of their locations (Keller & Swanson, 1979).  
Woody debris is also associated with streamwater chemistry. Within CWD, organic 
matter and nutrients (such as N, P, K, Ca, Mn, Mg, and Na) may be accumulated, stored, and 
released over time (Harmon et al., 1986; Hagan & Grove, 1999). Harmon et al. (1986) explain 
these processes in detail. Specific organisms associated with CWD have been observed to fix 
nitrogen. Additional nutrients enter CWD via precipitation and decomposition. Intercepted 
organic materials and dead plant roots within debris may decompose, thereby transferring 
stored nutrients to CWD. Some of the same processes that provide for nutrient inputs to CWD 
(precipitation and decomposition) also provide for nutrient release. Precipitation may effectively 
leach nutrients from CWD. Nutrients may also be released as CWD structural components break 
apart (Harmon et al., 1986). These ideas are supported by McClure et al. (2004), who speculated 
that the presence of woody debris in an advanced decay state may have contributed to elevated 
instream nitrate concentrations in one of the watersheds that were studied. 
The impacts of woody debris distribution on stream channel morphology, instream 
sediment content, and streamwater chemistry are important to consider because they portray 
complex interactions among four different but related watershed characteristics. All of these 
characteristics are influenced by harvest operations, and they all have the capacity 
(independently and collectively) to influence water quality.    
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1.2. The Benefits of Best Management Practices (BMPs) in Logging Operations 
 
In order to mitigate the impacts of forest operations on water quality, both states and 
federal agencies have developed best management practices, or “BMPs” (Stringer & Perkins, 
2001; Kentucky Agriculture Water Quality Authority, 2014; Blinn & Kilgore, 2001; USFS, 2012; 
USEPA, 2005). BMPs are guidelines to be used when conducting potentially harmful activities in 
order to protect water resource integrity (USEPA, 2005; Stringer & Perkins, 2001), and they are 
supported by federal law in the United States. Under Section 319 of the Federal Water Pollution 
Control Act (2002), states are required to establish BMPs for handling specific nonpoint sources 
of pollution that they identify within their boundaries. In the Commonwealth of Kentucky, the 
Agriculture Water Quality Plan (Kentucky Agriculture Water Quality Authority, 2014) identifies 
silviculture as an important source of pollution and provides ten BMPs for silviculture. The ten 
BMPs are listed as (1) “Access Roads, Skid Trails, and Landings;” (2) “Revegetation;” (3) 
“Streamside Management Zones;” (4) “Sinkholes;” (5) “Logging Debris;” (6) “Proper Planting of 
Tree Seedlings by Machine;” (7) “Fertilization;” (8) “Application of Pesticides;” (9) “Site 
Preparation for Reforestation;” and (10) “Silviculture in Wetland Areas” (p. 13). Compliance with 
the statewide plan (including the BMPs) is mandatory if forestry operations involve, “ten (10) 
contiguous acres of land” and are “used for the production of silviculture products” (Kentucky 
Agriculture Water Quality Authority, 2014).  
The effectiveness of implementing forestry BMPs has been demonstrated by multiple 
researchers in eastern Kentucky (McClure et al., 2004; Witt et al., 2013; Arthur et al., 1998; 
Maigret et al., 2014). The benefits of specific BMPs, particularly those pertaining to streamside 
management zones (SMZs) and logging roads, are highlighted in the literature (Arthur et al., 
1998; Maigret et al., 2014; Witt et al., 2013). These benefits are evident when the conditions of 
BMP-based treatments are compared to those in treatments where BMPs were not applied. For 
example, when a watershed that was harvested with BMPs was compared to one that was 
harvested without BMPs, Arthur et al. (1998) observed lower cumulative sediment flux during 
and immediately after the harvest, and similar observations were reported in later years. Initial 
observations were attributed to the presence of a 50 foot (15.2 meter) forested buffer strip in 
the BMP watershed and its impact on hydrology, while later differences were thought to be the 
result of BMP-based road management (Arthur et al., 1998).  
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Both McClure et al. (2004) and Arthur et al. (1998) observed significant differences in 
nitrate concentrations among watersheds that were harvested with and without BMPs. 
Approximately 12-15 years after harvest, McClure et al. (2004) examined water quality for a 
period of three years and found lower nitrate concentration in a watershed that was harvested 
with BMPs, and this concentration was the same as that reported for an unharvested control 
watershed. Following spikes in nitrate concentrations with harvest activity, Arthur et al. (1998) 
found that concentrations in the BMP watershed began to resemble those of the control 
watershed more quickly than those in a watershed that was harvested without BMPs. Similar to 
the results for sediment flux that were presented by Arthur et al. (1998), those pertaining to 
nitrate concentration were also attributed to the presence of a 50 foot (15.2 meter) forested 
buffer strip in the BMP watershed.  
 
1.3. Improving Best Management Practices (BMPs) for Logging Operations 
 
 Best management practices (BMPs) are effective in reducing nonpoint source pollution 
from forest harvest operations (as compared to when BMPs are not applied), but there is still 
room for improvement. This is evident when the conditions in BMP-based treatments are 
compared to those in unharvested controls. Although Arthur et al. (1998) observed lower levels 
of sediment flux in a watershed that was harvested with BMPs (when compared to a watershed 
that was harvested without BMPs), suspended sediment in the BMP watershed was still 
elevated over that recorded for an unharvested control watershed while the harvest was being 
conducted and for a period of time immediately following the harvest. Similarly, nitrate 
concentration in the same BMP watershed was found to be significantly higher than that 
observed in the unharvested control watershed immediately after the harvest (Arthur et al., 
1998).  
BMP effectiveness has also been studied in the context of coarse woody debris (CWD) 
distribution (McClure et al., 2004). Woody debris can have a profound impact on sediment and 
nutrient dynamics (Keller & Swanson, 1979; Harmon et al., 1986). Understanding the influences 
of BMPs on the distribution and content of woody debris in stream and riparian areas is 
essential in determining the overall effectiveness of BMPs in reducing nonpoint source 
pollution. McClure et al. (2004) reported that CWD (minimum of 10 cm long by 10 cm wide) 
biomass was similar in the two harvested watersheds (one with and one without BMPs), even 
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though logging slash was present in the watershed that was harvested without BMPs. In 
addition, values for both CWD volume and biomass in the BMP watershed were significantly 
higher than those recorded for the unharvested control watershed. The authors speculated that 
the processes of windthrow and slumping in the 50 foot (15.2 meter) unharvested riparian zone 
were responsible for the presence of excess wood, and one of their recommendations was that 
the width of these features be extended. While they did not specify a particular buffer width for 
adequate protection, they did mention that future research could involve a riparian zone that is 
twice as wide with half of the trees being removed from this zone (McClure et al., 2004). 
The Kentucky Agriculture Water Quality Plan (Kentucky Agriculture Water Quality 
Authority, 2014) lists ten BMPs for silvicultural activities. Among the BMPs listed in this plan are 
those pertaining “Access Roads, Skid Trails, and Landings” (BMP number 1) and “Streamside 
Management Zones” (BMP number 3). Under BMP number 1, the use of improved stream 
crossings is required where feasible (Stringer & Perkins, 2001). Otherwise, unimproved crossings 
must be perpendicular to the channel. BMP number 3 requires that streamside management 
zones (SMZs) be used for perennial and intermittent streams. For perennial streams, this 
includes a 25 to 90 foot (7.62 to 27.43 meter; depending on slope) forested buffer in which no 
more than half of the overstory trees can be removed. Equipment operation within the 
perennial SMZ is limited to stream crossings. For intermittent streams, the width of the SMZ 
must be no less than 25 feet (7.62 meters) on each side of the channel. Within the SMZ, 
equipment operation is limited to stream crossings, but the extent of harvesting is not limited. 
The Kentucky Agriculture Water Quality Plan does not require the use of SMZs for ephemeral 
streams (Kentucky Agriculture Water Quality Authority, 2014).  
Recent research has demonstrated that modified BMPs are effective in mitigating the 
impacts of harvest operations on water quality. Witt et al. (2013) compared the impacts of BMP 
and modified BMP treatments on water quality during and immediately after a harvest 
operation in eastern Kentucky. They reported significantly lower mean values for total 
suspended solids (TSS) and turbidity in treatments that expanded on the baseline BMPs. 
Modified BMPs were also associated with improved stream crossing types such as bridges, 
culverts, and pipe bundles, all of which provided for lower TSS and turbidity (Witt et al., 2013).  
Despite the results presented by Witt et al. (2013), the benefits of modified BMPs as a 
whole are difficult to determine. While modified BMPs have the capacity to provide for further 
protection of water resources in eastern Kentucky over the short-term (Witt et al., 2013), the 
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long-term water quality benefits of modified BMPs in Robinson Forest are unknown. In addition, 
the impacts of additional protective measures on stream channel morphology and woody debris 
in eastern Kentucky are unclear. Reeves (2012) showed that some improved stream crossings 
have the capacity to reduce changes in local pool and riffle features during periods of low 
streamflow, but larger (bankfull) flows were not observed in this study. The impacts of modified 
BMPs on woody debris in Robinson Forest are currently unstudied. The benefits of protective 
measures above and beyond those currently required in the Commonwealth of Kentucky are 
also unclear when studies from other regions are considered. In western North Carolina, 
research has shown that unharvested riparian zones narrower (32.80 feet/10 meters) and wider 
(98.4 feet/30 meters) than those currently required for perennial streams in Kentucky can be 
effective at preventing significant harvest-related increases in nitrate concentration in 
associated streams (Knoepp & Clinton, 2009; Clinton, 2011). However, a different study in the 
southeastern United States (Alabama and Georgia) revealed that sediment could be transported 
via road-associated flowpaths across distances greater than those covered by state-
recommended buffers (Grace III & Zarnoch, 2013). Of the “mean deposition length” values 
reported by Grace III and Zarnoch (2013; 65.60 feet/20 meters and 134.48 feet/41 meters; p. 
492) for two different National Forests, both were greater than the widths currently required for 
SMZs in Kentucky (Kentucky Agriculture Water Quality Authority, 2014). More work is necessary 
to determine appropriate SMZ widths in Kentucky. Future research regarding improved BMPs 
and woody debris was recommended by Witt et al. (2013) and McClure et al. (2004), and such 
research may prove valuable for developing a more holistic view on watershed management in 
eastern Kentucky and abroad.  
While there is room for improvement in current BMPs, the effectiveness of modified 
BMPs is variable and unclear. Considering that the implementation of additional protective 
measures (via modified BMPs) can be costly, it is important to develop a better understanding of 
logging impacts when current and modified BMPs are applied. An early (4-5 year) post-harvest 
study was conducted by multiple individuals in the Departments of Forestry and Landscape 
Architecture at the University of Kentucky to explore the short-term impacts of BMPs and 
modified BMPs on the content of woody debris, stream channel morphology, and various water 
quality variables in eastern Kentucky. Three different BMP treatments were assessed. The first 
treatment (referred to as the “BMP” treatment) was consistent with current regulations for 
silvicultural operations in Kentucky. The second (BMP+; modeled after recommendations by 
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McClure et al., 2004) and third (BMP++) treatments expanded on current regulations with 
regard to the width of SMZs and/or the percentage of canopy trees retained, as well as the use 
of improved stream crossing types. The objectives of this study were as follows: 
 
1. To determine the extent to which current Kentucky BMPs minimized harvest-related 
changes in stream water quality, channel morphology, and the content of woody 
debris. 
2. To determine the extent to which modified BMPs influenced the same 
characteristics. 
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CHAPTER 2: METHODS 
 
2.1 Study Site Description 
 
This study was conducted on eight different watersheds in the main tract of Robinson 
Forest. This forest lies in southeastern Kentucky. The main tract is approximately 10,000 acres 
(4047 hectares) in size (Bowker, 2013; Reeves, 2015; University of Kentucky [UK] Department of 
Forestry, 2007), and it is bisected by the county line between Breathitt and Knott Counties in 
Kentucky (Kentucky Geography Network, n.d.; Reeves, 2015). This part of the state is referred to 
as the Eastern Kentucky Coalfield, which is a component of the Cumberland Plateau (Kentucky 
Geological Survey, 2012b). The topography of this region can be described as “highly dissected” 
(McGrain & Currens, 1978, p. 14). McGrain and Currens (1978) report that, “The sinuous, 
irregular ridges appear to occupy the same amount of territory as the deep, V-shaped valleys” in 
Breathitt Country (p. 14), and they provide a similar report for Knott county. Across the forest, 
elevation varies by approximately 656 feet (200 meters), with the minimum value at 879 feet 
(268 meters) and the maximum value at 1558 feet (475 meters; Witt, 2012). 
The underlying geologic components of Breathitt and Knott Counties include sandstone, 
shale, and coal (Carey & Stickney, 2005a; Carey & Stickney, 2005b). The upper-most stratum was 
deposited during the Pennsylvanian Period (Kentucky Geological Survey, 2012a). Within the 
forest, all formations are members of the Breathitt Group (Carey & Stickney, 2005a; Carey & 
Stickney, 2005b).  
Atop the geologic substrate lie a variety of soil complexes. Information on soils was 
derived from the USDA Natural Resources Conservation Service (NRCS; 2013). The most 
common complex within the main block of the forest is the Cloverlick-Shelocta-Kimper complex, 
which covers approximately 21% of the area in Breathitt County and 14.8% of the area in Knott 
County. The characteristics of each series are described by the USDA Natural Resources 
Conservation Service. In general, members of the Cloverlick, Shelocta, and Kimper series are 
deep (48 to >80 inches/121.92 to >203.20 centimeters to a “restrictive feature”) colluvial soils 
that are associated with mountainous terrain features. They may be found across a wide range 
of slopes (2-95%). They generally exhibit moderate/moderately rapid permeability. Parent 
materials include sandstone, shale, and siltstone. Also included in the Cloverlick-Shelocta-
Kimper complex are soils of the Fedscreek, Gilpin, and Marrowbone series, which together 
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account for only 20% of the complex. Other common complexes include the Matewan-
Marrowbone-Latham (19.5%), Shelocta-Gilpin-Hazleton (16.4%), Handshoe-Fedscreek-
Marrowbone (12%), and the Matewan-Gilpin-Marrowbone (10.3%) complexes, which account 
for 94% of all soil within the main block of Robinson Forest (NRCS, 2013). 
Robinson Forest has a temperate-humid-continental climate (Witt, 2012). In Breathitt 
County, average annual precipitation over the past five years (January 2009 to December of 
2014) was 49.7 inches (126.24 centimeters), while the average temperature was 55.5 degrees 
Fahrenheit (13.11 degrees Celsius). These records are very similar to those in Knott County, 
where the four-year (January 2010 to December 2014) average annual precipitation was 47.9 
inches (121.67 centimeters), and the average temperature was 55.9 degrees Fahrenheit (13.28 
degrees Celsius). Temperatures are highest during the summer months (June through August) 
and lower during the winter months (December through February). 
The main tract of the forest is comprised of a second growth, mixed-mesophytic forest 
(Witt, 2012). With the exception of the treatment watersheds that were set aside for this study, 
the main block of the forest has remained uncut since the early 1900s. The canopy includes 
various species of oak (Quercus sp.) and hickory (Carya sp.), along with yellow-poplar 
(Liriodendron tulipifera), American beach (Fagus grandifolia), and eastern hemlock (Tsuga 
canadensis) (Witt, 2012).  
Within the main block of the forest, eight watersheds were selected for this study. 
These include: Little Millseat Branch (control), Falling Rock Branch (control), the northern 
section of Shelly Rock Fork, the western section of Shelly Rock Fork, the southern section of 
Shelly Rock Fork, Booker Fork, Goff Hollow, and Wet Fork. All eight watersheds lie within the 
larger Clemons Fork watershed on the western half of the main tract in Breathitt County. The 
three watersheds in Shelly Rock Fork flow into Millseat Branch before reaching Clemons Fork. 
The other five watersheds flow directly into Clemons Fork. Falling Rock Branch, Little Millseat 
Branch, all of Shelly Rock Fork, and Clemons Fork are associated with “designated uses” under 
Kentucky state law (401 KAR 10:026). These uses include: warm water aquatic habitat (WAH), 
primary contact recreation (PCR), secondary contact recreation (SCR), and outstanding state 
resource waters (OSRW; Kentucky Legislature, 2015).  
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2.2. Experimental Design 
 
Over the course of 16-17 months (June of 2008 to October of 2009), six of the eight 
watersheds selected for this study were subjected to one of three commercial logging 
treatments (two per treatment for replication) (Witt 2012; Bowker, 2013). All harvest operations 
were organized with respect to flow duration, following the general format provided by Stringer 
and Perkins (2001). The basic silvicultural treatment applied to each of the harvested 
watersheds was a shelterwood with reserves system (Witt, 2012). However, streamside 
management zone (SMZ) width, percent canopy retention, and the use of stream crossings were 
varied within each treatment at perennial, intermittent, and ephemeral levels (Bowker, 2013; 
Witt, 2012). Harvesting equipment was not permitted within SMZs (Bowker, 2013). Multiple 
improved crossings were used. These included: steel pipes (culverts), PVC pipe bundles, and 
portable wooden skidder bridges (Bowker, 2013).   
Treatment 1 (BMP) included the northern section of Shelly Rock Fork and Booker Fork. 
This treatment was consistent with current Silvicultural Best Management Practices in Kentucky 
(Stringer & Perkins, 2001). At the perennial stream level, SMZ width was 55 feet (16.8 meters), 
and 50% of the canopy trees were required to be retained within the SMZ. At the intermittent 
stream level, SMZ width was 25 feet (7.6 meters), and none of the canopy trees were required 
to be retained within the SMZ. No SMZ was employed at the ephemeral stream level, and no 
canopy trees were retained. No improved stream crossings were used in this treatment 
(Bowker, 2013; Witt, 2012).  
Treatment 2 (BMP+) included the southern section of Shelly Rock Fork and Goff Hollow. 
In this treatment, current Kentucky regulations were expanded. At the perennial stream level, 
SMZ width remained at 55 feet (16.8 meters), but the percentage of canopy trees retained was 
increased from 50% to 100%. At the intermittent stream level, SMZ width remained at 25 feet 
(7.6 meters), and the percentage of canopy trees retained was increased from 0% to 25%. At the 
ephemeral level, no SMZ was employed, but canopy trees along the ephemeral stream banks 
were left unharvested. Stream crossings were improved at the ephemeral level (Bowker, 2013; 
Witt, 2012).   
Treatment 3 (BMP++) included the western section of Shelly Rock Fork and Wet Fork. 
This treatment further expanded on the previous two treatments. At the perennial stream level, 
SMZ width was increased from 55 feet (16.8 meters) to 110 feet (33.5 meters), and the 
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percentage of canopy trees retained was 100%. At the intermittent stream level, SMZ width was 
increased from 25 feet (7.6 meters) to 55 feet (16.8 meters), and the percentage of canopy trees 
retained was 25%. At the ephemeral level, SMZ width was increased from 0 feet to 25 feet (7.6 
meters), and canopy trees along the stream banks were left unharvested. Stream crossings were 
improved at the ephemeral level (Bowker, 2013; Witt, 2012). The control watersheds were 
Falling Rock Branch and Little Millseat Branch. Figure 2.1 depicts a map of the study area.  
 
Figure 2.1: Map of the Study Area. Please note that the scale text is inaccurate due to resizing of 
the image. Sampling sites displayed are all those for which GPS points were available, but not all 
sites were included in the analysis. For a complete list of sites included, please see Table 2.1. 
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2.3. Sampling of Stream Water Quality Variables 
 
All water chemistry data were retrieved from ongoing sampling records in Robinson 
Forest. This dataset consists of multiple grab samples that were collected from eight perennial 
monitoring locations in the study area (one monitoring location per watershed). Sampling was 
conducted on a monthly basis before the 2008-2009 commercial logging operation was 
initiated. Following the start of the operation, sampling was conducted on a more frequent 
(weekly) basis (Witt, 2012). All samples were analyzed in the lab for the following variables: 
conductivity, total organic carbon (TOC), dissolved oxygen (DO), pH, alkalinity, sulfate, nitrite, 
nitrate, ammonium, chloride, calcium, magnesium, potassium, and sodium. Methods for 
analyzing nitrate, ammonium, DO, and conductivity are provided by Witt (2012). Sampling data 
were retrieved for a period of time before the harvest (January 2005 through June of 2006) and 
for a period of time after the completion of the harvest (January 2013 through June of 2014). 
Both time periods were selected to correspond with the sampling of stream channel 
morphology, woody debris, and related variables. 
 
2.4. Sampling of Stream Channel Morphology, Woody Debris, and Related Variables 
 
Perennial, intermittent, and ephemeral sites in the both treatment and control 
watersheds were visited before and after the 2008-2009 harvest operation. Within sites, each 
watershed characteristic (stream channel morphology and the content of woody debris) was 
assessed via measurement of stream channel dimensions, woody debris characteristics, and 
related variables (using the Stream Visual Assessment Protocol; NRCS, 1998). Some variables 
were measured in perennial, intermittent, and ephemeral sites. Others were measured only in 
perennial and intermittent sites. Pre harvest data were collected between January and 
December of 2006. All pre harvest sampling was completed by individuals other than the 
author. Post harvest data were collected between May and July of 2014. All post harvest 
sampling was completed by the author and 1-3 other individuals. 
Sampling sites were selected based on proximity to existing perennial, intermittent, and 
ephemeral locations within each watershed. Each previously established location was marked 
with a white PVC pole. At each PVC pole, a sampling site was established, and the pole was used 
as a reference point to determine the central location for each site within the stream channel. A 
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50 foot (15.24 meter) longitudinal section of the channel (or “reach”) was delineated about the 
central location (25 feet/ 7.62 meters upstream and downstream) using a standard engineering 
tape. All information was recorded by hand. Figures 2.2 and 2.3 show the front and back sides of 
the data sheet that was used in the field to collect information for stream channel morphology, 
woody debris, and all related variables. 
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Figure 2.2: Field Data Sheet (Front). 
  
 
 16 
 
Figure 2.3: Field Data Sheet (Back). 
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2.4.1. Defining Channel Dimensions 
 
The present study involved three specific stream channel dimensions: the flood prone 
area, bankfull zone, and active channel. Methods for determining the dimensions of the flood 
prone area were loosely based on guidelines provided by Rosgen (1996). The boundaries of the 
flood prone area should correspond to a specific elevation, which can be determined by 
doubling the maximum depth value at bankfull and adding the resulting value to the elevation at 
the deepest part of the channel (Rosgen, 1996). These boundaries were estimated visually in the 
field.  
Methods for determining the dimensions of the bankfull zone were also loosely based 
on guidelines provided by Rosgen (1996). According to Rosgen (1996), “The most consistent 
bankfull stage determination is obtained from identification of the top of the floodplain” (p. 5-
8). However, the floodplain was often difficult to distinguish in Robinson Forest. Some channels 
displayed minimal incision, while others were deeply incised. In addition, some channels were 
laterally confined by steep side slopes on one or both sides. For these reasons, a few different 
indicators were used to delineate the boundaries of the bankfull zone including (1) a dramatic or 
notable change in slope, from near vertical in the channel to near horizontal on what appeared 
to be the floodplain; (2) evidence of past erosion such as the presence of bare soil, exposed 
roots, and/or scour marks; and (3) a change in ground cover (bare substrate, leaf cover, 
vegetation, woody debris, etc.). The relative utility of each indicator varied from one site to 
another, and some general patterns we noted among perennial, intermittent, and ephemeral 
sites. In perennial sites, the most common indicator was a change in slope. In intermittent sites, 
it was often a change in slope along with evidence of past erosion. In ephemeral sites, it was 
common to rely on a combination of changing slope and ground cover.  
The boundaries of the active channel were identified based on evidence of common 
flow, which included (1) the general absence of leaf cover and vegetative ground cover; and (2) 
the presence of water or evidence that water was recently present. 
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2.4.2. Measuring Channel Dimensions 
 
In perennial and intermittent sites, a cross section was established in the center of each 
50 foot (15.24 meter) reach with boundaries at the outer limits of the flood prone area on each 
side of the channel, and a metal stake was placed on each side of the channel at this location to 
serve as a marker for future reference. A standard engineering tape was suspended across the 
flood prone area (between the metal stakes, right to left looking downstream) to determine the 
relative positions and dimensions of the flood prone area, bankfull zone, and active channel. A 
standard engineering tape was then suspended across the bankfull zone, and channel depth was 
determined in 1 foot (0.30 meter) increments across the channel using a collapsible measuring 
stick (with units in engineering feet). Bankfull width was also measured at the upstream and 
downstream boundaries of the reach using either a collapsible measuring stick or a standard 
engineering tape. In ephemeral sites, fewer morphological variables were assessed. The relative 
positions and dimensions of the flood prone area and active channel were not measured. Nor 
was bankfull depth measured. However, bankfull width was measured at the top, center, and 
bottom of each ephemeral reach using either a standard engineering tape or a measuring stick. 
The central location within each ephemeral reach was estimated using the longitudinal location 
of the PVC pole as a reference point. In perennial, intermittent, and ephemeral sites, the slope 
of the channel was measured in percent using clinometers. Slope measurements were taken by 
two different technicians at opposite ends of the reach. When measurements were inconsistent 
among technicians, the average of the two clinometer readings was recorded.  
It is important to note that multiple sampling site markers (PVC poles and metal stakes) 
were missing in 2014, at the time of post harvest data collection. PVC poles were missing in 
three ephemeral sites (SRSE5, SRNE2, and SRWE4) and one intermittent site (GHI1). Missing PVC 
poles were not replaced. Of the two metal stakes that were placed in each site, one was missing 
in two perennial sites (LMP1 and LMP3) and four intermittent sites (SRNI1, LMI1, FRI1, FRI2), 
and both were missing in two perennial sites (BFP1 and BFP2) and one intermittent site (LMI4). 
In two intermittent sites (LMI2 and FRI3), one of the two stakes had moved, but each stake was 
found in the stream area. In one intermittent site (LMI3), one stake had toppled over and one 
stake was missing. Metal stakes were replaced. Where bird poles or stakes were 
missing/toppled over, the center of each reach was estimated using any information available 
(GPS points, the location of the other stake, a hole where the stake had been placed, the 
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location of the PVC pole, the presence of flagging or paint, the presence of tagged wood in the 
channel, the relative location of the site within the watershed, etc.). Of the sites listed above, 
only one was excluded from statistical analyses (SRSE5).  
  
2.4.3. Sampling of Woody Debris 
 
All woody debris variables were measured in perennial, intermittent, and ephemeral 
stream sites. Sampling sites for woody debris were the same as those used for measurement of 
stream channel dimensions (a 50 foot/15.24 meter longitudinal section of the channel). 
Sampling methods were based on McClure et al. (2004). Woody debris was defined by the 
following criterion: at least partially suspended over or settled within the bankfull zone, at least 
ten inches (25.40 centimeters) in length, at least four inches (10.16 centimeters) in diameter at 
the widest section within or above the bankfull zone, and no evidence of new growth. Non-
dominant branches and/or broken sections of the same piece of debris were recorded as 
additional pieces of coarse woody debris if they were observed to meet the above criterion. 
Basic dimensions, including overall length (x1) and diameter (x3), were recorded for each piece 
of coarse woody debris within the reach. Length measurements were determined using a 
standard engineering tape, and calipers were used to determine diameter measurements. For 
each piece of debris, the relative proportion settled within and outside of the bankfull zone was 
estimated visually and recorded. Each piece of wood was also classified as a “ground” or “snag” 
piece based is physical position relative to the stream channel. Debris was then tagged with a 
plastic capped roofing nail and assigned to one of three decay classes: sound, intermediate, or 
decayed. Visual inspection and the tagging procedure were used to classify debris. “Sound” 
debris was that which appeared to have only recently entered the coarse woody debris pool. It 
was relatively hard, and all or most of its bark was intact. The “intermediate” decay class was 
reserved for debris that was neither new nor almost completely decayed. This debris was 
somewhat soft with most or all of its bark missing. Debris was classified as “decayed” if it was 
readily falling apart and very soft.  
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2.4.4. Sampling Related Variables (Stream Visual Assessment Protocol) 
 
In addition to the measurement of channel dimensions and woody debris, the Stream 
Visual Assessment Protocol (SVAP; NRCS, 1998) was conducted as well. The SVAP was developed 
by the USDA Natural Resources Conservation Service to be used by natural resource 
professionals in their interactions with landowners. It is a very simple way to determine local 
stream health based on multiple visual stream characteristics. The SVAP worksheet was 
modified for the present study, and several components were left out (including the site 
diagram as well as various informational and descriptive components). Of particular interest in 
the present study was the “Assessment Scores” portion of the worksheet, which includes ten 
basic categories and five additional (and optional) categories with various criteria for scoring a 
reach. The maximum score that can be assigned to any individual category is 10, and the 
minimum score is 1. The overall SVAP score represents the mean of the individual scores. Of the 
SVAP categories (or “assessment elements”) listed, those considered in the present study were 
Channel Condition, Hydrologic Alteration, Riparian Zone, Bank Stability, Water Appearance, 
Nutrient Enrichment, Barriers to Fish Movement, Instream Fish Cover, Pools, Insect/Invertebrate 
Habitat, Canopy Cover, and Riffle Embeddedness (NRCS, 1998).  
The SVAP was conducted only in perennial and intermittent stream sites (not ephemeral 
sites). With the exception of ephemeral stream sites, sampling sites for the SVAP were the same 
as those used for measurement of stream channel dimensions and woody debris (a 50 
foot/15.24 meter longitudinal section of the channel). However, all parts of the stream within 
eyesight were considered when recording SVAP scores. Two sets of SVAP scores were recorded 
for each site, and each set was generated by a different technician. Technicians were permitted 
to discuss channel conditions and scores with each other and with other researchers when 
present, but scores were recorded independently. Individual scores were averaged for the data 
analysis.  
Figures 2.4 and 2.5 show the front and back of the chart that was used in the field to 
determine scores for each of the individual SVAP variables. All tables and associated criteria 
included in the chart were copied directly from the Stream Visual Assessment Protocol (NRCS, 
1998).  
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Figure2.4: Stream Visual Assessment Protocol Quick Reference Chart (Front).  
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Figure2.5: Stream Visual Assessment Protocol Quick Reference Chart (Back).  
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2.5. Calculating Watershed Area 
 
The watershed area for each site was calculated in late fall of 2014, using an automated 
model that was created via ModelBuilder in ArcGIS for Desktop 10.1 (Esri, 2012). This model was 
developed to ensure consistency in geoprocessing operations, and it has four primary 
components. The first component selects sites based on an SQL expression and iterates through 
the list of selected sites. The second component snaps sampling site locations to the stream 
network and creates a raster file of the watershed for each site. The third component converts 
the raster shape to a polygon and calculates the area of the polygon. The fourth and final 
component deletes the intermediate data and creates a new file directory for the next iteration.  
ArcToolbox and the Spatial Analyst extension of ArcGIS version 10.1 were used to 
prepare primary data for incorporation into the automated model. Primary data included a high 
resolution (3.28 foot/1 meter) Lidar-derived digital elevation model (DEM; Contreras, 2014) and 
field-collected GPS points. Lidar data for Robinson Forest were collected in early May of 2013. 
GPS points were collected via site visits along with the stream channel morphology and woody 
debris data in 2006. 
First, the Lidar-derived DEM was pared down to include only the study area within 
Robinson Forest. A new polygon shapefile was created in the Catalog window, and the Editor 
toolbar was used to draw a rectangle around the study area. The Extract By Mask tool was then 
used to remove all parts of the DEM that were outside of the rectangle. Following this process, a 
series of Hydrology tools (including Fill, Flow Direction, and Flow Accumulation) were used to 
further prepare the DEM for incorporation into the automated model. The Fill tool was used to 
remove any low spots that may have been present in the surface of the DEM. The output of the 
Fill tool was used as the input raster for the Flow Direction tool. As the name suggests, this tool 
was used to determine the path by which water was likely to move from one location to 
another. The output of the Flow Direction tool was then used as the input raster for the Flow 
Accumulation tool. Using this tool, it was possible to identify which parts of the landscape were 
likely to have the most water passing through them (stream channels).  
Like the DEM, all field-collected GPS points had to be prepared for incorporation into 
the model. In order to effectively use these GPS points with the Hydrology toolset, it was 
necessary that each point be positioned in the center of the flow accumulation path of interest. 
For each point, the path of interest was that corresponding to the study site (and stream 
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channel) of interest. Due to GPS accuracy limitations and the intentional marking of site 
identification poles rather than in-stream channel cross-sections, field-collected GPS points 
varied in their proximities to the flow paths of interest. Some GPS points were over 100 feet 
(30.48 meters) away from the flow path of interest, while others were very close (within 1 
foot/0.30 meters).  
For this reason, it was decided that each point would be manually moved to the center 
of the closest raster cell in the flow path of interest. Using the Multiple Ring Buffer tool, a series 
of circular buffers was generated around each GPS point. Buffers were spaced at 5 foot (1.52 
meter) intervals to 100 feet (30.48 meters). In the event that the 100 foot (30.48 meter) buffer 
did not include the flow path of interest, it was extend to an appropriate distance. By viewing 
the buffer around each site along with the flow path of interest, it was possible to very quickly 
identify which raster cell on the flow path was closest to the GPS point. The Editor toolbar was 
then used to manually move each GPS point to the center of the identified cell.  
Where multiple flow paths were present within the buffer zone, the path that was likely 
to have the most water passing through it (or dominant flow path) was chosen. This was 
determined by looking at the flow accumulation values associated with each flow path in the 
buffer zone and choosing the line with the highest values. If a given GPS point was close to the 
confluence of two streams, the point was manually moved to the closest dominant flow path 
(above or below the confluence). For some sites, multiple GPS points had been collected. In such 
cases, the closest GPS point to the flow path of interest was chosen. These methods were used 
unless they led to the placement of a GPS point that was inconsistent with the researcher’s 
memory of the site or the flow duration-based classification of the site.  
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2.6. Data Analysis 
 
Two separate analyses were conducted to explore the impact of each harvest treatment 
on water quality, channel morphology, and woody debris content over time. Both analyses were 
completed using SPSS Statistics 22 (IBM Corp., 2013b). An alpha value of 0.05 was used to 
determine significance. For the first analysis (Analysis 1), pre and post harvest datasets were 
paired by site. Pairs of sites were grouped by treatment, and a test for statistically significant 
differences across years by treatment was completed. The first analysis was not conducted for 
any of the water quality data due to extreme differences in sample size across years and the 
challenges associated with pairing individual data points. For the second analysis (Analysis 2), 
pre and post harvest datasets were assessed independently. Within each dataset, a test for 
statistically significant differences by treatment was completed. The second analysis was 
conducted for all water quality, channel morphology, and woody debris data.  
Prior to analysis, it was evident that data were missing and the values associated with 
some sites (channel morphology and woody debris data) and data points (water quality data) 
were potentially unreliable. As such, multiple sites were excluded from Analysis 1, and multiple 
sites and data points were excluded from Analysis 2. The same sites were excluded in both 
analyses to ensure consistency in results. Specific reasons for excluding sampling sites that were 
associated with channel morphology and woody debris datasets were: (1) evidence to suggest 
that the site location was inconsistent across years; (2) failure to locate the site in one or both 
years; and (3) the absence of an observable stream channel (or section of a channel) in one or 
both years. One additional site (GHE4 in the BMP+ treatment) was excluded from the analysis of 
the slope variable due to a suspected error in data collection before the harvest and the 
presence of an extreme outlier. Individual pieces of woody debris were excluded when they 
were: (1) recorded in the field but later determined to be inconsistent with the overall sampling 
procedure (outside of reach boundaries or recorded when no definable channel was present) 
and (2) counted twice (indicating that the same piece was present in two different sites). In the 
water quality dataset (Analysis 2 only), four data points were excluded due to suspected errors 
in data entry and the presence of extreme outliers. Tables 2.1-2.4 provide an overview of the 
sampling sites that were considered for the present study, along with the specific reason(s) for 
excluding individual sites in both analyses.  
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Table 2.1: List of Sampling Sites in the Control. 
 
 
Table 2.2: List of Sampling Sites in the BMP Treatment. 
 
 
 
 
Site Stream Classification Exculded (y/n) Reasons for Excluding
FRP1 Perennial y never found
FRP2 Perennial n
FRP3 Perennial n
FRI1 Intermittent n
FRI2 Intermittent n
FRI3 Intermittent n
FRI4 Intermittent n
FRI5 Intermittent n
FRE1 Ephemeral n
FRE2 Ephemeral n
FRE3 Ephemeral n
FRE4 Ephemeral n
FRE5 Ephemeral n
FRE6 Ephemeral n
FRE7 Ephemeral n
LMP1 Perennial n
LMP2 Perennial n
LMP3 Perennial n
LMP4 Perennial n
LMP5 Perennial n
LMI1 Intermittent n
LMI2 Intermittent n
LMI3 Intermittent n
LMI4 Intermittent n
LME1 Ephemeral y sites do not match 
LME2 Ephemeral y sites do not match 
LME3 Ephemeral y sites do not match and 0's in center and downstream BF width in 2006
LME4 Ephemeral y no channel in 2006
LME5 Ephemeral y no channel in 2006 or 2014
LME6 Ephemeral n
LME7 Ephemeral y piece #645 excluded (in sheet flow), 0 for upstream BF width in 2014
LME8 Ephemeral y 0 for upstream bankfull width in 2014
Site Stream Classification Exculded (y/n) Reasons for Excluding
BFP1 Perennial n
BFP2 Perennial n
BFP3 Perennial n
BFI1 Intermittent y not found in 2014
BFE1 Ephemeral n
BFE2 Ephemeral y not found in 2014
BFE3 Ephemeral y 0 in upstream BF width in 2006
BFE4 Ephemeral n
BFE5 Ephemeral n
SRNP1 Perennial n
SRNP2 Perennial n
SRNI1 Intermittent n
SRNE1 Ephemeral y missing center and downstream values in 2006
SRNE2 Ephemeral n
SRNE3 Ephemeral n
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Table 2.3: List of Sampling Sites in the BMP+ Treatment. 
 
 
Table 2.4: List of Sampling Sites in the BMP++ Treatment. 
 
Site Stream Classification Exculded (y/n) Reasons for Excluding
GHP1R Perennial n
GHP1L Perennial y piece #599 excluded (double counted), site excluded because no real channel in 2014
GHP2 Perennial n
GHI1 Intermittent n
GHI? Intermittent y not found in 2006
GHE1 Ephemeral n
GHE2 Ephemeral n
GHE3MAYBE Ephemeral y no channel in 2006 and not found in 2014
GHE4* Ephemeral y* pieces #572 and #574 excluded (just outside boundary), outlier in 2006
GHESVAP Ephemeral y sites do not match 
SRSP1 Perennial n
SRSP2 Perennial n
SRSI1 Intermittent n
SRSI2 Intermittent n
SRSE1 Ephemeral n
SRSE2 Ephemeral n
SRSE3 Ephemeral n
SRSE4 Ephemeral y never found
SRSE5 Ephemeral y sites do not match 
*Site excluded from the analysis of channel slope only
Site Stream Classification Exculded (y/n) Reasons for Excluding
SRWP1 Perennial n
SRWP2 Perennial n
SRWP3 Perennial n
SRWI1 Intermittent y sites do not match 
SRWI2 Intermittent n
SRWI3 Intermittent n
SRWI4 Intermittent y sites do not match 
SRWE1 Ephemeral n
SRWE2 Ephemeral n
SRWE3 Ephemeral n
SRWE4 Ephemeral n
SRWE5 Ephemeral n
SRWE6 Ephemeral y not found in 2014
SRWE7 Ephemeral y no channel in 2014
WFP1 Perennial n
WFP2 Perennial n
WFP3 Perennial n
WFP4 Perennial n
WFP5 Perennial n
WFP6 Perennial n
WFI1 Intermittent n
WFI2 Intermittent n
WFI3 Intermittent y not found in 2014
WFE1 Ephemeral n
WFE2 Ephemeral n
WFE3 Ephemeral y not found in 2014
WFE4 Ephemeral y never found
WFE5 Ephemeral n
WFE6 Ephemeral y never found
WFE7 Ephemeral y never found
WFE8 Ephemeral y no channel in 2014
WFE9 Ephemeral y never found
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2.6.1. Analysis 1 – Comparing Pre and Post Harvest Data 
 
The first analysis was completed for all stream channel morphology, woody debris, and 
related (SVAP) variables, but it was not completed for any water quality variables. Prior to this 
analysis, mean and/or sum calculations were completed for all variables at the site level. The 
resulting values were organized in pairs by site and variable with each site having n=1 
observation per variable in 2006 and n=1 observation per variable in 2014. For each pair of 
observations, the difference in values was calculated across years. In SPSS Statistics 22 (IBM 
Corp., 2013b), histograms, Q-Q plots, boxplots, and the Shapiro-Wilk normality test were used 
to determine whether or not the differences were normally distributed at the treatment level. 
Because the distribution of differences appeared to be non-normal and sample sizes were small, 
the Wilcoxon Signed Ranks Test (IBM Corp., 2013b) was selected for this analysis.  
SPSS Statistics 22 (IBM Corp., 2013b) provides a few different methods for generating p-
values with the Wilcoxon and other nonparametric tests. However, P-values generated via the 
default “Asymtotic” method may be unreliable when working with “small or poorly distributed” 
data (IBM Corp., 2013a, Exact Tests; Mehta & Patel, 2012). For this reason, the “Exact” method 
was selected in place of the default, and the Wilcoxon test with the “Exact” method was 
completed for all pairs of variables at the treatment level. Only 2-tailed p-values are reported. 
Specific hypotheses regarding change in either direction (positive or negative) were not 
incorporated into the analysis from a statistical standpoint. 
 
2.6.2. Analysis 2 – Comparing Data within Pre and Post Harvest Time Periods 
 
The second analysis was completed for all stream channel morphology, woody debris, 
water quality, and related (SVAP) variables. Prior to this analysis, all of the data were organized 
by time period (pre vs. post harvest). Beginning with the post harvest time period, normality 
was assessed for all variables at the treatment level using histograms, Q-Q plots, boxplots, and 
the Shapiro-Wilk normality test in SPSS Statistics 22 (IBM Corp., 2013b). Because the distribution 
of each variable by treatment in the post harvest time period appeared to be non-normal, the 
Kruskal-Wallis H and Mann-Whitney U tests (IBM Corp., 2013b) were selected for this analysis. 
Since nonparametric tests were selected for the analysis of post harvest data, it was decided 
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that they would also be used for the analysis of pre harvest data. As such, it was not necessary 
to assess normality for any data that were collected during the pre harvest time period.  
The Kruskal-Wallis H test was conducted first. As with the first analysis, the “Exact” 
method for the p-value was chosen over the default “Asymtotic” method. Preliminary testing 
revealed key CPU computational limitations when attempting to use the “Exact” method with 
the Kruskal-Wallis H test for most variables, so the “Monte Carlo” method (with a 95 percent 
confidence level and 10,000 samples) was used instead. With this option selected, exact p-
values are computed where possible. Otherwise, an estimate of the exact p-value is provided 
along with a confidence interval for the p-value. The Kruskal-Wallis H test with the “Monte 
Carlo” method was completed for all variables at the treatment level, and this analysis was run 
for each time period independently. Results were considered statistically significant only when 
the entire 95 percent confidence interval for the p-value was below the alpha level of 0.05. 
For all variables that were statistically significant based on the Kruskal-Wallis H test, the 
Mann-Whitney U test was also conducted. The “Exact” method was used to generate p-values 
where CPU computational capacity permitted. Where computational capacity was insufficient, 
the “Monte Carlo” method (with a 95 percent confidence level and 10,000 samples) was used. 
The Mann-Whitney U test with either the “Exact” or “Monte Carlo” method was completed for 
all pairwise comparisons by treatment (in each time period independently). As with the Kruskal-
Wallis H test, “Monte Carlo” results for the Mann-Whitney U test were considered statistically 
significant only when the entire 95 percent confidence interval for the p-value was below the 
alpha level of 0.05. Only 2-tailed p-values are reported for the Mann-Whitney U test. Specific 
hypotheses regarding change in either direction (positive or negative) were not incorporated 
into the analysis from a statistical standpoint. 
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CHAPTER 3: RESULTS 
 
 This chapter is organized with respect to Analyses 1 and 2. Within each analysis section, 
the results are organized with respect to the watershed characteristics assessed. The results of 
Analysis 1 are presented first. In the Analysis 1 section (Comparing Pre and Post Harvest Data), 
results are provided for stream channel morphology, the content of woody debris, and related 
variables (the Stream Visual Assessment Protocol or SVAP; NRCS, 1998), respectively. In the 
Analysis 2 section (Comparing Data within Pre and Post Harvest Time Periods), results are 
provided for stream water quality, stream channel morphology, the content of woody debris, 
and related variables, respectively. For each individual watershed characteristic, the results are 
first present in text, followed by tables and figures that highlight statistically significant 
differences.  
 
3.1. Analysis 1 - Comparing Pre and Post Harvest Data 
 
The first analysis was completed for all stream channel morphology, woody debris, and 
related (SVAP) variables, but it was not completed for any water quality variables. In this 
analysis, the Wilcoxon Signed Ranks Test was used to determine whether or not the observed 
differences in pre and post harvest datasets were statistically significant.  
 
3.1.1. Stream Channel Morphology 
 
Sampling of stream channel morphology varied at perennial, intermittent, and 
ephemeral stream levels. Information on bankfull depth was collected only in perennial and 
intermittent stream sections (not ephemeral stream sections). Mean bankfull depth and cross 
sectional area were computed only for perennial and intermittent sites where bankfull depth 
values were recorded. Information on bankfull width and channel slope was collected in all 
(perennial, intermittent, and ephemeral) stream sections. Mean bankfull width was computed 
for perennial, intermittent, and ephemeral sites where upstream, center, and downstream 
bankfull width values were recorded.  
The Wilcoxon test revealed statistically significant differences for many of the variables 
that are associated with stream channel dimensions. Pre and post harvest values for mean 
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bankfull depth, mean bankfull width, upstream bankfull width, center bankfull width, 
downstream bankfull width, and cross sectional area at bankfull were all significantly different in 
the control, and it appears as though these dimensions increased over time. From 2006 to 2014, 
the median value for mean bankfull depth in the control increased by 0.38 feet (0.12 meters; 
100.14%). Median values for mean bankfull width, upstream bankfull width, center bankfull 
width, and downstream bankfull width in the control increased by 2.15 feet (0.66 meters; 
40.95%), 1.75 feet (0.53 meters; 38.04%), 1.80 feet (0.55 meters; 33.33%), and 1.40 feet (0.43 
meters; 25.69%), respectively. Median cross sectional area at bankfull in the control increased 
by 5.60 square feet (0.52 square meters; 207.41%).  
In contrast to the control, it appears as though there was minimal change in the channel 
dimensions associated with all three of the harvest treatments. Pre and post harvest values for 
mean bankfull depth, mean bankfull width, upstream bankfull width, center bankfull width, and 
cross sectional area at bankfull were not significantly different in any of the treatments. Only 
downstream bankfull width had pre and post harvest values that were significantly different 
from one another in one of the treatments, and this was in the BMP+ treatment. From 2006 to 
2014, the median value for downstream bankfull width in the BMP+ treatment increased by 
0.50 feet (0.15 meters; 9.80%).  
In addition to the above-mentioned channel cross sectional dimensions, channel slope 
was also measured. Pre and post harvest values for channel slope were not significantly 
different in the control, BMP, and BMP++ treatments. However, they were significantly different 
in the BMP+ treatment. From 2006 to 2014, the median value for slope in the BMP+ treatment 
increased by 2.25 percent (37.50% change). 
Table 3.1 shows the pre to post harvest change in median values by treatment for mean 
bankfull depth, mean bankfull width, upstream bankfull width, center bankfull width, 
downstream bankfull width, cross sectional area at bankfull, and slope. For the same variables, 
Figures 3.1-3.7 show the median values by treatment in both pre and post harvest time periods, 
and Figures 3.8-3.14 show the distribution of differences in pre and post harvest values by 
treatment. For all boxplots, points denote values 1.5-3 times the inner quartile range below the 
25th percentile or above the 75th percentile. Asterisks denote values >3 times the inner quartile 
range below the 25th percentile or above the 75th percentile (IBM Corp., 2013a). 
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Table 3.1: Pre (2006) to Post (2014) Harvest Change in Median Values for Stream Channel 
Dimensions by Treatment. 
 
 
Figure 3.1: Median Values for Mean Bankfull Depth by Treatment in Pre (2006) and Post (2014) 
Harvest Time Periods. 
 
 
 
 
 
 
 
 
 
 
 
VARIABLE (units) CONTROL % change N BMP % change N BMP+ % change N BMP++ % change N
Mean Bankfull Depth (ft) 0.38* 100.14 16 0.18 31.87 6 -0.06 -6.77 7 0.11 17.02 13
Mean Bankfull Width (ft) 2.15* 40.95 24 -0.23 -3.52 11 1.17 20.29 13 -0.57 -7.47 21
Upstream Bankfull Width (ft) 1.75* 38.04 24 -1.15 -17.42 11 -0.10 -1.89 13 0.80 9.76 21
Center Bankfull Width (ft) 1.80* 33.33 24 -0.50 -7.69 11 2.60 45.61 13 0.10 1.52 21
Downstream Bankfull Width (ft) 1.40* 25.69 24 -0.80 -11.76 11 0.50* 9.80 13 -1.00 -14.49 21
Cross Sectional Area at Bankfull (square ft) 5.60* 207.41 16 -0.21 -3.44 6 2.70 50.00 7 2.35 38.52 13
Channel Slope (%) 0.00 0.00 24 1.00 20.00 11 2.25* 37.50 12 0.00 0.00 21
*p value < 0.05 for corresponding variable and treatment based on the Wilcoxon Signed Ranks Test
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Figure 3.2: Median Values for Mean Bankfull Width by Treatment in Pre (2006) and Post (2014) 
Harvest Time Periods. 
 
 
Figure 3.3: Median Values for Upstream Bankfull Width by Treatment in Pre (2006) and Post 
(2014) Harvest Time Periods. 
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Figure 3.4: Median Values for Center Bankfull Width by Treatment in Pre (2006) and Post (2014) 
Harvest Time Periods. 
 
 
Figure 3.5: Median Values for Downstream Bankfull Width by Treatment in Pre (2006) and Post 
(2014) Harvest Time Periods. 
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Figure 3.6: Median Values for Cross Sectional Area at Bankfull by Treatment in Pre (2006) and 
Post (2014) Harvest Time Periods. 
 
 
Figure 3.7: Median Values for Slope by Treatment in Pre (2006) and Post (2014) Harvest Time 
Periods. 
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Figure 3.8: Distribution of Differences in Pre (2006) and Post (2014) Harvest Values for Mean 
Bankfull Depth by Treatment. 
 
 
Figure 3.9: Distribution of Differences in Pre (2006) and Post (2014) Harvest Values for Mean 
Bankfull Width by Treatment.  
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Figure 3.10: Distribution of Differences in Pre (2006) and Post (2014) Harvest Values for 
Upstream Bankfull Width by Treatment.  
 
 
Figure 3.11: Distribution of Differences in Pre (2006) and Post (2014) Harvest Values for Center 
Bankfull Width by Treatment.  
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Figure 3.12: Distribution of Differences in Pre (2006) and Post (2014) Harvest Values for 
Downstream Bankfull Width by Treatment.  
 
 
Figure 3.13: Distribution of Differences in Pre (2006) and Post (2014) Harvest Values for Cross 
Sectional Area at Bankfull by Treatment.  
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Figure 3.14: Distribution of Differences in Pre (2006) and Post (2014) Harvest Values for Slope by 
Treatment. 
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3.1.2. Content of Woody Debris 
 
Variables associated with the content of woody debris were measured in all (perennial, 
intermittent, and ephemeral) stream sections. The Wilcoxon test revealed statistically significant 
differences for only one of the many variables that are associated with the content of woody 
debris. Pre and post harvest values for mean decay class were significantly different in the 
control, BMP+, and BMP++ treatments, but they were not significantly different in the BMP 
treatment. From 2006 to 2014, the median value for mean decay class decreased by 0.67 (-
25.13%), 0.73 (-26.71%), and 0.44 (-18.00%) in the control, BMP+, and BMP++ treatments 
respectively. Although not statistically significant, this value decreased by 0.67 (-25.13%) in the 
BMP treatment.  
No significant differences were observed for the number of logs per site, mean length of 
debris, mean of mean diameter of debris, mean volume, total volume, mean percent riparian, 
mean percent stream, number of ground pieces, or number of snag pieces.  
Table 3.2 shows pre to post harvest change in the content of woody debris by 
treatment. Figure 3.15 shows the median value for mean decay class by treatment in both pre 
and post harvest time periods. Figure 3.16 shows the distribution of differences in pre and post 
harvest values for mean decay class by treatment. 
 
Table 3.2: Pre (2006) to Post (2014) Harvest Change in Median Values for the Content of Woody 
Debris by Treatment. 
 
 
 
 
 
VARIABLE (units) CONTROL % change N BMP % change N BMP+ % change N BMP++ % change N
Mean Length of Debris (ft) 0.15 1.13 23/22(21) 1.19 8.73 11/8 2.02 15.62 10(9) 0.42 4.21 21/15
Mean of Mean Diameter of Debris (in) 0.52 9.61 23/22(21) 0.91 16.27 11/8 -1.15 -16.57 10(9) 0.20 3.33 21/15
Mean Volume of Debris (cubic ft) 0.30 11.82 24 -0.13 -6.96 11 0.59 19.83 13 0.43 29.82 21
Total Volume of Debris (cubic ft) -5.12 -49.18 24 -2.02 -39.54 11 -16.78 -59.52 13 0.59 14.90 21
Number of Pieces Per Site (#) -1.50 -42.86 24 -1.00 -33.33 11 -1.00 -25.00 13 -2.00 -50.00 21
Number of Ground Pieces Per Site (#) 0.00 0.00 24 -1.00 -50.00 11 0.00 0.00 13 0.00 0.00 21
Number of Snag Pieces Per Site (#) -1.00 -50.00 24 -2.00 -100.00 11 -1.00 -50.00 13 -1.00 -100.00 21
Mean Decay Class of Debris -0.67* -25.13 23/22(21) -0.67 -25.13 11/8 -0.73* -26.71 10/9(8) -0.44* -18.00 21/15
Mean Proportion of Debris in Stream Zone (%) 7.61 15.22 23/22(21) -24.40 -39.18 11/8 -2.22 -4.46 10(9) -5.00 -9.09 21/15
Mean Proportion of Debris in Riparian Zone (%) -7.61 -15.22 23/22(21) 24.40 64.67 11/8 2.22 4.42 10(9) 5.00 11.11 21/15
*p value < 0.05 for corresponding variable and treatment based on the Wilcoxon Signed Ranks Test
/ indicates different sample sizes in 2006/2014; The lower of the two N values was used for the Wilcoxon Signed Ranks Test
() indicates the sample size for the Wilcoxon Signed Ranks Test when different than the N value(s) provided
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Figure 3.15: Median Value for Mean Decay Class by Treatment in Pre (2006) and Post (2014) 
Harvest Time Periods. 
 
 
Figure 3.16: Distribution of Differences in Pre (2006) and Post (2014) Harvest Values for Mean 
Decay Class by Treatment. 
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3.1.3. Related Variables - Stream Visual Assessment Protocol (SVAP) 
 
Related variables were measured only in perennial and intermittent stream sections 
(not ephemeral stream sections). The Wilcoxon test also revealed statistically significant 
differences in the overall SVAP scores and in five of twelve individual variables that are 
associated with the SVAP. Pre and post harvest values for the overall SVAP scores were 
significantly different in all of the treatments (including the control). The median value for the 
overall SVAP score decreased by 1.42 (-14.47%), 1.59 (-16.24%), 1.06 (-10.90%), and 1.00 (-
10.43%) in the control, BMP, BMP+, and BMP++ treatments respectively, indicating that streams 
in all treatments appeared to be in worse condition 4-5 years after the harvest. 
Of the individual variables that are associated with the SVAP, significant differences 
were observed for mean channel condition, mean hydrologic alteration, mean bank stability, 
mean instream fish cover, and mean pools. Pre and post harvest scores for mean channel 
condition, mean hydrologic alteration, and mean bank stability were all significantly different in 
the control, BMP, and BMP++ treatments, but they were not significantly different in the BMP+ 
treatment. From 2006 to 2014, the median score for mean channel condition decreased by 3.25 
(-32.50%), 3.25 (-32.50%), and 1.00 (-10.00%) in the control, BMP, and BMP++ treatments 
respectively, but it did not change in the BMP+ treatment. The median score for mean 
hydrologic alteration decreased by 3.00 (-30.00%), 2.25 (-22.50%), and 1.50 (-15.00%) in the 
control, BMP, and BMP++ treatments respectively, but it did not change in the BMP+ treatment. 
The median score for mean bank stability decreased by 2.75 (-32.35%), 4.25 (-48.57%), and 2.50 
(-26.32%) in the control, BMP, and BMP++ treatments respectively. Although not statistically 
significant, this score also decreased by 0.50 (-5.88%) in the BMP+ treatment.  
Pre and post harvest scores for mean instream fish cover were significantly different in 
the control, BMP+, and BMP++ treatments, but they were not significantly different in the BMP 
treatment. From 2006 to 2014, the median score for mean instream fish cover decreased by 
5.00 (-50.00%), 5.00 (-50.00%), and 5.00 (-50.00%) in the control, BMP+, and BMP++ treatments 
respectively. Although not statistically significant, this score also decreased by 3.50 (-35.00%) in 
the BMP treatment.  
Pre and post harvest scores for mean pools were significantly different in the control 
and BMP treatments, but not in the BMP+ and BMP++ treatments. From 2006 to 2014, the 
median score for mean pools decreased by 2.75 (-27.50%) in the control and 3.00 (-30.00%) in 
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the BMP treatment. Although not statistically significant, this score also decreased by 2.25 (-
23.68%) in the BMP+ treatment and 1.75 (-20.00%) in the BMP++ treatment.  
No significant differences were observed for mean riparian zone, mean water 
appearance, mean nutrient enrichment, mean barriers to fish movement, mean 
insect/invertebrate habitat, mean canopy cover, or mean riffle embeddedness. 
Table 3.3 shows the pre to post harvest change in median scores by treatment for the 
overall SVAP score and each of the individual SVAP variables. For variables that were found to 
be statistically significant (overall SVAP score, mean channel condition, mean hydrologic 
alteration, mean bank stability, mean instream fish cover, and mean pools), Figures 3.17-3.22 
show the median values by treatment in both pre and post harvest time periods, and Figures 
3.23-3.28 show the distribution of differences in pre and post harvest values by treatment. For 
all boxplots, points denote values 1.5-3 times the inner quartile range below the 25th percentile 
or above the 75th percentile. Asterisks denote values >3 times the inner quartile range below the 
25th percentile or above the 75th percentile (IBM Corp., 2013a). 
 
Table 3.3: Pre (2006) to Post (2014) Harvest Change in Median SVAP Scores by Treatment. 
 
 
 
 
 
 
 
VARIABLE CONTROL % change N BMP % change N BMP+ % change N BMP++ % change N
Overall SVAP Score -1.42* -14.47 16 -1.59* -16.24 6 -1.06* -10.90 7 -1.00* -10.43 13
Mean Instream Fish Cover Score -5.00* -50.00 16 -3.50 -35.00 6 -5.00* -50.00 7 -5.00* -50.00 13
Mean Channel Condition Score -3.25* -32.50 16 -3.25* -32.50 6 0.00 0.00 7 -1.00* -10.00 13
Mean Hydrologic Alteration Score -3.00* -30.00 16 -2.25* -22.50 6 0.00 0.00 7 -1.50* -15.00 13
Mean Bank Stability Score -2.75* -32.35 16 -4.25* -48.57 6 -0.50 -5.88 7 -2.50* -26.32 13
Mean Pools Score -2.75* -27.50 16 -3.00* -30.00 6 -2.25 -23.68 7/6 -1.75 -20.00 12/13
Mean Canopy Cover Score 0.00 0.00 16 -4.50 -45.00 6 0.00 0.00 7 0.00 0.00 13
Mean Riffle Embeddedness Score 0.00 0.00 16/9 0.00 0.00 6/4 -1.50 -15.00 7/2 -1.75 -17.50 11/8(7)
Mean Water Appearance Score 0.00 0.00 16 0.00 0.00 6 0.00 0.00 7 0.00 0.00 12
Mean Nutrient Enrichment Score 0.00 0.00 16 0.00 0.00 6 0.00 0.00 7 0.00 0.00 12/13
Mean Barriers to Fish Movement Score 0.00 0.00 16 0.00 0.00 6 0.00 0.00 7 0.00 0.00 13
Mean Insect/Invertebrate Habitat Score 0.00 0.00 16 0.00 0.00 6 0.00 0.00 7 0.00 0.00 13
Mean Riparian Zone Score 0.00 0.00 16 0.00 0.00 6 0.00 0.00 7 0.00 0.00 13
*p value < 0.05 for corresponding variable and treatment based on the Wilcoxon Signed Ranks Test
/ indicates different sample sizes in 2006/2014; The lower of the two N values was used for the Wilcoxon Signed Ranks Test
() indicates the sample size for the Wilcoxon Signed Ranks Test when different than the N value(s) provided
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Figure 3.17: Median Overall SVAP Score by Treatment in Pre (2006) and Post (2014) Harvest 
Time Periods. 
 
 
Figure 3.18: Median of Mean Channel Condition Scores by Treatment in Pre (2006) and Post 
(2014) Harvest Time Periods. 
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Figure 3.19: Median of Mean Hydrologic Alteration Scores by Treatment in Pre (2006) and Post 
(2014) Harvest Time Periods. 
 
 
Figure 3.20: Median of Mean Bank Stability Scores by Treatment in Pre (2006) and Post (2014) 
Harvest Time Periods. 
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Figure 3.21: Median of Mean Instream Fish Cover Scores by Treatment in Pre (2006) and Post 
(2014) Harvest Time Periods. 
 
 
Figure 3.22: Median of Mean Pools Scores by Treatment in Pre (2006) and Post (2014) Harvest 
Time Periods. 
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Figure 3.23: Distribution of Differences in Pre (2006) and Post (2014) Harvest Values for Overall 
SVAP Score by Treatment.  
 
 
Figure 3.24: Distribution of Differences in Pre (2006) and Post (2014) Harvest Values for Mean 
Channel Condition by Treatment.  
 
 
 48 
 
Figure 3.25: Distribution of Differences in Pre (2006) and Post (2014) Harvest Values for Mean 
Hydrologic Alteration by Treatment. 
 
 
Figure 3.26: Distribution of Differences in Pre (2006) and Post (2014) Harvest Values for Mean 
Bank Stability by Treatment.  
 
 
 49 
 
Figure 3.27: Distribution of Differences in Pre (2006) and Post (2014) Harvest Values for Mean 
Instream Fish Cover by Treatment.  
 
 
Figure 3.28: Distribution of Differences in Pre (2006) and Post (2014) Harvest Values for Mean 
Pools by Treatment. 
 
 
 
 
 50 
 
3.2. Analysis 2 – Comparing Data Within Pre and Post Harvest Time Periods 
 
The second analysis was completed for all water quality, stream channel morphology, 
woody debris, and related (SVAP) variables. In this analysis, two different tests were used to 
assess data within each time period (pre or post harvest) independently. The Kruskal-Wallis H 
test was used to determine whether or not statistically significant differences were present at 
the treatment level for each variable. For all variables that had statistically significant results 
based on the Kruskall-Wallis H test, the Mann-Whitey U test was also conducted. This test was 
used to identify statistically significant differences for all pairwise comparisons by treatment.   
 
3.2.1. Stream Water Quality 
 
Water chemistry data were collected from eight perennial monitoring locations in the 
study area (one monitoring location per watershed). The Kruskal-Wallis H test revealed 
statistically significant differences for many of the variables that are associated with water 
quality. In the pre harvest dataset, treatment level significant differences were observed for 
magnesium and sodium. In the post harvest dataset, treatment level significant differences were 
observed for conductivity, pH, sulfate, ammonium, calcium, magnesium, and sodium. For each 
of these variables, the Mann-Whitney U test revealed at least one pairwise significant 
difference.  
Tables 3.4, 3.5, 3.6, and 3.7 provide an overview of pre and post harvest values for 
water quality variables in the control, BMP, BMP+, and BMP++ treatments respectively. Figures 
3.41 and 3.42 show the distribution of magnesium and sodium by treatment in the pre harvest 
time period. Figures 3.29-3.37 show the distribution of conductivity, pH, sulfate, ammonium, 
calcium, magnesium, and sodium by treatment in the post harvest time period. For all boxplots, 
points denote values 1.5-3 times the inner quartile range below the 25th percentile or above the 
75th percentile. Asterisks denote values >3 times the inner quartile range below the 25th 
percentile or above the 75th percentile (IBM Corp., 2013a). 
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Table 3.4: Pre and Post Harvest Values for Water Quality Variables in the Control. 
 
 
Table 3.5: Pre and Post Harvest Values for Water Quality Variables in the BMP Treatment. 
 
 
 
Variable (units) N Mean Std. Error Std. Dev. Median 25th Perc. 75th Perc. Min Max Range
Conductivity in 05-06 (uS/cm) 20 39.59 1.64 7.35 41.75 32.73 43.58 26.60 55.20 28.60
Conductivity in 13-14 (uS/cm) 140 39.45 0.99 11.71 34.90 29.80 46.90 23.80 75.40 51.60
TOC in 05-06 (mg/L) 21 3.54 0.35 1.62 2.98 2.15 4.93 1.65 6.85 5.20
TOC in 13-14 (mg/L) 140 4.41 0.22 2.66 3.58 2.55 5.62 1.22 16.70 15.48
DO in 05-06 (mg/L) 21 4.36 0.37 1.69 3.92 3.00 5.78 1.65 8.02 6.37
DO in 13-14 (mg/L) 0
pH in 05-06 (standard units) 21 6.93 0.09 0.41 6.93 6.56 7.29 6.19 7.79 1.60
pH in 13-14 (standard units) 140 5.34 0.04 0.42 5.33 5.08 5.64 4.32 6.68 2.36
Alkalinity in 05-06 (mg CaCO3 eq./L) 21 20.51 2.16 9.92 18.42 12.30 28.31 8.67 42.54 33.87
Alkalinity in 13-14 (mg CaCO3 eq./L) 140 20.20 0.88 10.46 17.08 12.96 26.77 0.00 52.46 52.46
Cl in 05-06 (mg/L) 21 0.49 0.07 0.30 0.46 0.25 0.66 0.00 1.22 1.22
Cl in 13-14 (mg/L) 140 1.00 0.03 0.32 0.95 0.76 1.19 0.42 2.13 1.71
Sulfate in 05-06 (mg/L) 21 9.48 1.38 6.32 8.64 7.03 10.16 1.52 34.16 32.64
Sulfate in 13-14 (mg/L) 139 7.18 0.18 2.08 6.58 5.75 8.31 3.89 16.56 12.67
Nitrate in 05-06 (mg/L) 21 0.13 0.04 0.17 0.08 0.05 0.16 0.00 0.77 0.77
Nitrate in 13-14 (mg/L) 140 0.12 0.03 0.33 0.07 0.02 0.12 0.00 2.85 2.85
Ammonium in 05-06 (mg/L) 21 0.05 0.03 0.12 0.01 0.00 0.03 0.00 0.53 0.53
Ammonium in 13-14 (mg/L) 140 0.10 0.03 0.31 0.04 0.00 0.11 0.00 2.56 2.56
Ca in 05-06 (mg/L) 21 1.59 0.09 0.41 1.64 1.25 1.89 0.82 2.28 1.46
Ca in 13-14 (mg/L) 140 1.94 0.08 0.90 1.62 1.33 2.25 0.64 5.38 4.74
Mg in 05-06 (mg/L) 21 1.74 0.06 0.25 1.70 1.59 1.80 1.34 2.37 1.03
Mg in 13-14 (mg/L) 140 1.68 0.03 0.40 1.55 1.41 1.83 1.11 2.86 1.75
K in 05-06 (mg/L) 21 1.90 0.14 0.64 1.87 1.46 2.40 0.88 3.05 2.17
K in 13-14 (mg/L) 140 1.61 0.04 0.52 1.47 1.24 1.84 0.85 4.12 3.27
Na in 05-06 (mg/L) 21 1.65 0.08 0.38 1.71 1.34 1.94 0.99 2.42 1.43
Na in 13-14 (mg/L) 140 1.44 0.04 0.43 1.33 1.12 1.68 0.62 2.91 2.29
Nitrite in 05-06 (mg/L) 21 0.51 0.06 0.29 0.40 0.29 0.71 0.05 1.08 1.03
Nitrite in 13-14 (mg/L) 0
Variable (units) N Mean Std. Error Std. Dev. Median 25th Perc. 75th Perc. Min Max Range
Conductivity in 05-06 (uS/cm) 22 52.07 11.68 54.80 36.25 31.18 45.18 26.50 284.20 257.70
Conductivity in 13-14 (uS/cm) 139 37.70 0.98 11.50 34.30 28.50 44.90 22.40 72.30 49.90
TOC in 05-06 (mg/L) 22 5.35 1.22 5.71 3.49 1.90 6.97 1.28 27.60 26.32
TOC in 13-14 (mg/L) 139 3.74 0.17 2.01 3.23 2.63 4.47 0.76 15.10 14.34
DO in 05-06 (mg/L) 22 5.47 1.13 5.28 4.02 3.03 5.75 1.75 27.45 25.70
DO in 13-14 (mg/L) 139 2.52 0.11 1.26 2.32 1.72 2.97 0.56 10.25 9.69
pH in 05-06 (standard units) 22 6.92 0.10 0.47 6.86 6.51 7.34 6.14 7.80 1.66
pH in 13-14 (standard units) 138 5.52 0.03 0.40 5.57 5.25 5.76 4.61 6.72 2.11
Alkalinity in 05-06 (mg CaCO3 eq./L) 22 29.07 8.64 40.51 15.45 12.06 26.49 5.71 193.34 187.63
Alkalinity in 13-14 (mg CaCO3 eq./L) 139 20.09 0.92 10.88 15.98 12.81 24.52 7.32 68.28 60.96
Cl in 05-06 (mg/L) 22 0.50 0.07 0.33 0.52 0.21 0.67 0.00 1.18 1.18
Cl in 13-14 (mg/L) 139 1.07 0.04 0.52 0.89 0.72 1.34 0.41 3.11 2.70
Sulfate in 05-06 (mg/L) 22 7.79 0.73 3.42 7.78 6.31 8.59 1.19 19.12 17.93
Sulfate in 13-14 (mg/L) 139 6.39 0.18 2.15 6.28 4.88 8.12 2.37 12.10 9.73
Nitrate in 05-06 (mg/L) 22 0.70 0.42 1.95 0.12 0.06 0.17 -0.01 7.96 7.97
Nitrate in 13-14 (mg/L) 139 0.08 0.01 0.11 0.06 0.01 0.11 0.00 0.60 0.60
Ammonium in 05-06 (mg/L) 22 1.24 0.68 3.18 0.02 0.00 0.08 0.00 11.26 11.26
Ammonium in 13-14 (mg/L) 138 0.04 0.01 0.08 0.00 0.00 0.05 0.00 0.48 0.48
Ca in 05-06 (mg/L) 22 1.48 0.09 0.42 1.42 1.18 1.74 0.79 2.35 1.56
Ca in 13-14 (mg/L) 139 1.69 0.08 0.99 1.37 0.99 1.99 0.56 5.46 4.90
Mg in 05-06 (mg/L) 22 1.65 0.07 0.32 1.55 1.45 1.79 1.26 2.70 1.44
Mg in 13-14 (mg/L) 138 1.56 0.04 0.45 1.43 1.30 1.78 0.65 2.79 2.14
K in 05-06 (mg/L) 22 1.92 0.11 0.51 1.85 1.56 2.37 1.00 2.76 1.76
K in 13-14 (mg/L) 139 1.62 0.06 0.69 1.54 1.25 1.81 0.65 6.87 6.22
Na in 05-06 (mg/L) 22 1.47 0.05 0.23 1.44 1.38 1.61 1.06 1.96 0.90
Na in 13-14 (mg/L) 139 1.21 0.03 0.36 1.18 0.99 1.43 0.27 2.77 2.50
Nitrite in 05-06 (mg/L) 22 0.51 0.07 0.35 0.37 0.27 0.73 0.00 1.54 1.54
Nitrite in 13-14 (mg/L) 139 0.51 0.15 1.73 0.00 0.00 0.13 0.00 11.59 11.59
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Table 3.6: Pre and Post Harvest Values for Water Quality Variables in the BMP+ Treatment. 
 
 
Table 3.7: Pre and Post Harvest Values for Water Quality Variables in the BMP++ Treatment. 
 
 
 
Variable (units) N Mean Std. Error Std. Dev. Median 25th Perc. 75th Perc. Min Max Range
Conductivity in 05-06 (uS/cm) 23 37.02 1.60 7.68 36.20 31.80 40.60 25.80 57.90 32.10
Conductivity in 13-14 (uS/cm) 139 39.13 0.96 11.34 35.80 30.00 46.80 24.70 88.00 63.30
TOC in 05-06 (mg/L) 23 3.62 0.45 2.15 3.03 1.92 5.10 0.77 8.74 7.97
TOC in 13-14 (mg/L) 139 4.29 0.21 2.45 3.80 2.82 5.26 0.88 19.00 18.12
DO in 05-06 (mg/L) 23 4.43 0.47 2.23 4.18 2.69 5.68 1.30 10.00 8.70
DO in 13-14 (mg/L) 139 2.78 0.14 1.64 2.37 1.92 3.37 0.44 12.10 11.66
pH in 05-06 (standard units) 23 6.76 0.08 0.38 6.70 6.42 7.09 6.18 7.53 1.35
pH in 13-14 (standard units) 139 5.45 0.04 0.43 5.44 5.16 5.75 4.43 6.67 2.24
Alkalinity in 05-06 (mg CaCO3 eq./L) 23 20.14 4.63 22.21 12.16 8.99 21.28 5.59 104.56 98.97
Alkalinity in 13-14 (mg CaCO3 eq./L) 139 19.71 0.93 10.99 15.25 12.20 24.40 0.00 64.66 64.66
Cl in 05-06 (mg/L) 23 0.50 0.06 0.31 0.45 0.31 0.66 0.00 1.46 1.46
Cl in 13-14 (mg/L) 139 1.04 0.04 0.47 0.92 0.72 1.25 0.27 2.98 2.71
Sulfate in 05-06 (mg/L) 23 9.94 1.23 5.89 8.30 7.47 10.01 1.87 30.37 28.50
Sulfate in 13-14 (mg/L) 139 7.01 0.21 2.49 6.68 4.85 8.73 2.77 14.49 11.72
Nitrate in 05-06 (mg/L) 23 0.06 0.01 0.05 0.05 0.03 0.09 0.00 0.18 0.18
Nitrate in 13-14 (mg/L) 139 0.10 0.01 0.12 0.08 0.01 0.14 0.00 0.67 0.67
Ammonium in 05-06 (mg/L) 23 0.02 0.01 0.03 0.01 0.00 0.03 0.00 0.14 0.14
Ammonium in 13-14 (mg/L) 139 0.04 0.01 0.08 0.00 0.00 0.06 0.00 0.50 0.50
Ca in 05-06 (mg/L) 23 1.46 0.09 0.42 1.43 1.29 1.83 0.57 2.12 1.55
Ca in 13-14 (mg/L) 139 1.68 0.06 0.75 1.43 1.14 2.10 0.62 4.39 3.77
Mg in 05-06 (mg/L) 23 1.75 0.06 0.29 1.70 1.55 1.83 1.36 2.59 1.23
Mg in 13-14 (mg/L) 139 1.66 0.04 0.42 1.58 1.46 1.84 0.77 3.41 2.64
K in 05-06 (mg/L) 23 1.75 0.14 0.68 1.64 1.55 2.32 0.08 3.03 2.95
K in 13-14 (mg/L) 139 1.64 0.07 0.84 1.49 1.23 1.83 0.52 8.22 7.70
Na in 05-06 (mg/L) 23 1.69 0.16 0.77 1.50 1.22 1.79 1.01 4.23 3.22
Na in 13-14 (mg/L) 139 1.48 0.07 0.83 1.24 1.03 1.58 0.24 5.52 5.28
Nitrite in 05-06 (mg/L) 23 0.54 0.08 0.38 0.45 0.26 0.79 0.00 1.57 1.57
Nitrite in 13-14 (mg/L) 139 0.68 0.17 2.01 0.00 0.00 0.53 0.00 13.67 13.67
Variable (units) N Mean Std. Error Std. Dev. Median 25th Perc. 75th Perc. Min Max Range
Conductivity in 05-06 (uS/cm) 23 40.57 1.33 6.38 41.10 33.70 45.00 26.00 51.30 25.30
Conductivity in 13-14 (uS/cm) 138 40.34 0.81 9.56 38.55 31.75 48.08 26.80 70.70 43.90
TOC in 05-06 (mg/L) 24 3.69 0.55 2.71 2.41 1.58 5.63 0.77 10.42 9.65
TOC in 13-14 (mg/L) 138 4.10 0.22 2.64 3.56 2.46 4.82 0.82 17.63 16.81
DO in 05-06 (mg/L) 24 4.52 0.48 2.34 4.00 2.50 6.06 2.08 10.28 8.20
DO in 13-14 (mg/L) 138 2.64 0.13 1.56 2.32 1.84 3.12 0.53 11.71 11.18
pH in 05-06 (standard units) 23 6.78 0.08 0.38 6.72 6.46 7.21 6.30 7.41 1.11
pH in 13-14 (standard units) 138 5.54 0.04 0.42 5.57 5.26 5.80 4.30 6.63 2.33
Alkalinity in 05-06 (mg CaCO3 eq./L) 23 18.61 2.22 10.65 13.99 11.57 27.42 5.49 42.74 37.25
Alkalinity in 13-14 (mg CaCO3 eq./L) 138 18.67 0.77 9.01 15.86 12.20 23.30 0.00 48.19 48.19
Cl in 05-06 (mg/L) 24 0.49 0.06 0.27 0.48 0.30 0.71 0.01 1.05 1.04
Cl in 13-14 (mg/L) 138 1.03 0.04 0.44 0.94 0.70 1.28 0.41 3.15 2.74
Sulfate in 05-06 (mg/L) 24 10.23 1.23 6.01 9.41 7.25 10.48 2.90 34.27 31.37
Sulfate in 13-14 (mg/L) 138 7.23 0.22 2.62 6.83 5.24 9.36 2.78 13.94 11.16
Nitrate in 05-06 (mg/L) 24 0.11 0.02 0.11 0.07 0.05 0.14 -0.01 0.42 0.43
Nitrate in 13-14 (mg/L) 138 0.10 0.01 0.11 0.08 0.01 0.14 0.00 0.57 0.57
Ammonium in 05-06 (mg/L) 24 0.03 0.02 0.08 0.02 0.00 0.03 0.00 0.37 0.37
Ammonium in 13-14 (mg/L) 138 0.04 0.01 0.07 0.00 0.00 0.07 0.00 0.35 0.35
Ca in 05-06 (mg/L) 24 1.56 0.07 0.34 1.64 1.36 1.82 0.84 2.07 1.23
Ca in 13-14 (mg/L) 138 1.71 0.05 0.64 1.55 1.27 2.13 0.08 3.60 3.52
Mg in 05-06 (mg/L) 24 1.86 0.05 0.23 1.82 1.70 2.03 1.46 2.29 0.83
Mg in 13-14 (mg/L) 137 1.73 0.03 0.40 1.67 1.50 1.97 0.84 2.80 1.96
K in 05-06 (mg/L) 24 1.87 0.11 0.56 1.71 1.53 2.43 0.90 2.99 2.09
K in 13-14 (mg/L) 138 1.68 0.07 0.78 1.55 1.21 1.90 0.75 6.76 6.01
Na in 05-06 (mg/L) 24 1.69 0.06 0.29 1.78 1.47 1.92 1.03 2.03 1.00
Na in 13-14 (mg/L) 138 1.46 0.04 0.49 1.34 1.12 1.76 0.34 3.24 2.90
Nitrite in 05-06 (mg/L) 24 0.52 0.07 0.33 0.51 0.28 0.76 0.00 1.31 1.31
Nitrite in 13-14 (mg/L) 138 0.57 0.14 1.61 0.00 0.00 0.61 0.00 10.65 10.65
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Figure 3.29: Magnesium Concentration by Treatment in the Pre Harvest Time Period.  
 
 
Figure 3.30: Sodium Concentration by Treatment in the Pre Harvest Time Period.  
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Figure 3.31: Conductivity by Treatment in the Post Harvest Time Period.  
 
 
Figure 3.32: pH by Treatment in the Post Harvest Time Period.  
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Figure 3.33: Sulfate Concentration by Treatment in the Post Harvest Time Period.  
 
 
Figure 3.34: Ammonium Concentration by Treatment in the Post Harvest Time Period.   
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Figure 3.35: Calcium Concentration by Treatment in the Post Harvest Time Period.   
 
 
Figure 3.36: Magnesium Concentration by Treatment in the Post Harvest Time Period.  
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Figure 3.37: Sodium Concentration by Treatment in the Post Harvest Time Period.  
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3.2.2. Stream Channel Morphology  
 
Sampling of stream channel morphology varied at perennial, intermittent, and 
ephemeral stream levels. Information on bankfull depth was collected only in perennial and 
intermittent stream sections (not ephemeral stream sections). Mean bankfull depth and cross 
sectional area were computed only for perennial and intermittent sites where bankfull depth 
values were recorded. Information on bankfull width and channel slope was collected in all 
(perennial, intermittent, and ephemeral) stream sections. Mean bankfull width was computed 
for perennial, intermittent, and ephemeral sites where upstream, center, and downstream 
bankfull width values were recorded.  
The Kruskal-Wallis H test revealed statistically significant differences for a few of the 
variables that are associated with stream channel dimensions. In the pre harvest dataset, 
treatment level significant differences were observed for bankfull depth, mean bankfull depth, 
bankfull width, and cross sectional area at bankfull. In the post harvest dataset, only bankfull 
depth was found to be significantly different at the treatment level. For each of these variables, 
the Mann-Whitney U test revealed at least two pairwise significant differences.  
Tables 3.8, 3.9, 3.10, and 3.11 provide an overview of pre and post harvest values for 
stream channel dimensions in the control, BMP, BMP+, and BMP++ treatments respectively. 
Figures 3.38-3.41 show the distribution of bankfull depth, mean bankfull depth, bankfull width, 
and cross sectional area by treatment in the pre harvest time period. Figure 3.42 shows the 
distribution of bankfull depth by treatment in the post harvest time period. For all boxplots, 
points denote values 1.5-3 times the inner quartile range below the 25th percentile or above the 
75th percentile. Asterisks denote values >3 times the inner quartile range below the 25th 
percentile or above the 75th percentile (IBM Corp., 2013a). 
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Table 3.8: Pre and Post Harvest Values for Stream Channel Dimensions in the Control. 
 
 
Table 3.9: Pre and Post Harvest Values for Stream Channel Dimensions in the BMP Treatment. 
 
 
 
 
 
 
 
 
 
 
 
Variable (units) N Mean Std. Error Std. Dev. Median 25th Perc. 75th Perc. Min Max Range
Bankfull Depth in 2006 (ft) 118 .43 .02 .18 .40 .30 .55 .10 .85 .75
Bankfull Depth in 2014 (ft) 157 .83 .03 .42 .80 .50 1.10 .00 1.80 1.80
Mean Bankfull Depth in 2006 (ft) 16 .41 .03 .12 .38 .33 .48 .26 .75 .49
Mean Bankfull Depth in 2014 (ft) 16 .78 .09 .35 .75 .41 1.06 .35 1.48 1.13
Bankfull Width in 2006 (ft) 72 5.90 .35 2.98 5.15 3.60 8.03 1.90 13.70 11.80
Bankfull Width in 2014 (ft) 72 7.83 .46 3.93 7.00 4.40 10.68 2.50 18.20 15.70
Mean Bankfull Width in 2006 (ft) 24 5.90 .57 2.77 5.25 3.48 7.82 2.77 12.27 9.50
Mean Bankfull Width in 2014 (ft) 24 7.83 .78 3.82 7.40 4.41 9.77 2.83 16.17 13.33
Upstream Bankfull Width in 2006 (ft) 24 5.83 .62 3.05 4.60 3.53 9.08 2.30 12.20 9.90
Upstream Bankfull Width in 2014 (ft) 24 7.75 .79 3.89 6.35 4.23 11.00 2.70 16.10 13.40
Center Bankfull Width in 2006 (ft) 24 6.35 .60 2.92 5.40 4.03 8.28 2.50 13.70 11.20
Center Bankfull Width in 2014 (ft) 24 8.35 .86 4.19 7.20 4.78 11.23 2.50 16.60 14.10
Downstream Bankfull Width in 2006 (ft) 24 5.50 .62 3.03 5.45 2.90 7.13 1.90 12.40 10.50
Downstream Bankfull Width in 2014 (ft) 24 7.39 .78 3.82 6.85 4.23 9.98 2.70 18.20 15.50
Cross Sectional Area at Bankfull in 2006 (square ft) 16 3.15 .48 1.91 2.70 1.84 3.84 1.05 9.00 7.95
Cross Sectional Area at Bankfull in 2014 (square ft) 16 8.12 1.28 5.11 8.30 3.10 10.83 2.10 18.60 16.50
Channel Slope in 2006 (%) 24 15.58 3.27 16.02 6.75 3.25 27.88 2.00 52.00 50.00
Channel Slope in 2014 (%) 24 14.88 3.33 16.32 6.75 3.00 25.63 .50 55.00 54.50
Variable (units) N Mean Std. Error Std. Dev. Median 25th Perc. 75th Perc. Min Max Range
Bankfull Depth in 2006 (ft) 57 .61 .04 .29 .58 .43 .73 .05 1.33 1.28
Bankfull Depth in 2014 (ft) 49 .93 .08 .58 .85 .50 1.30 .00 2.05 2.05
Mean Bankfull Depth in 2006 (ft) 6 .64 .11 .28 .56 .43 .87 .33 1.10 .77
Mean Bankfull Depth in 2014 (ft) 6 .79 .16 .40 .75 .46 1.20 .26 1.28 1.02
Bankfull Width in 2006 (ft) 33 7.03 .49 2.81 6.60 4.20 9.50 3.50 12.20 8.70
Bankfull Width in 2014 (ft) 33 6.27 .46 2.63 6.00 4.15 7.35 2.80 15.20 12.40
Mean Bankfull Width in 2006 (ft) 11 7.03 .83 2.74 6.53 4.03 10.10 3.63 10.47 6.83
Mean Bankfull Width in 2014 (ft) 11 6.27 .68 2.24 6.30 4.77 7.30 3.37 10.53 7.17
Upstream Bankfull Width in 2006 (ft) 11 6.79 .82 2.73 6.60 4.30 9.40 3.50 11.30 7.80
Upstream Bankfull Width in 2014 (ft) 11 6.22 .82 2.71 5.45 3.60 8.00 3.10 11.40 8.30
Center Bankfull Width in 2006 (ft) 11 7.37 1.01 3.35 6.50 4.20 11.20 3.50 12.20 8.70
Center Bankfull Width in 2014 (ft) 11 6.85 1.04 3.45 6.00 4.00 8.70 2.80 15.20 12.40
Downstream Bankfull Width in 2006 (ft) 11 6.93 .77 2.55 6.80 4.10 9.60 3.70 10.10 6.40
Downstream Bankfull Width in 2014 (ft) 11 5.74 .45 1.49 6.00 4.30 6.80 3.70 8.20 4.50
Cross Sectional Area at Bankfull in 2006 (square ft) 6 5.84 .86 2.11 6.11 3.99 7.43 2.67 8.70 6.03
Cross Sectional Area at Bankfull in 2014 (square ft) 6 7.59 2.75 6.73 5.90 2.31 12.75 1.30 19.20 17.90
Channel Slope in 2006 (%) 11 14.41 4.23 14.01 5.00 4.00 20.00 2.50 40.50 38.00
Channel Slope in 2014 (%) 11 15.09 4.06 13.46 6.00 5.00 24.00 3.00 38.00 35.00
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Table 3.10: Pre and Post Harvest Values for Stream Channel Dimensions in the BMP+ Treatment. 
 
 
Table 3.11: Pre and Post Harvest Values for Stream Channel Dimensions in the BMP++ 
Treatment. 
 
 
 
 
 
 
 
 
 
 
Variable (units) N Mean Std. Error Std. Dev. Median 25th Perc. 75th Perc. Min Max Range
Bankfull Depth in 2006 (ft) 65 .80 .05 .40 .83 .51 1.13 .00 1.54 1.54
Bankfull Depth in 2014 (ft) 70 .95 .05 .38 1.00 .69 1.20 .10 1.75 1.65
Mean Bankfull Depth in 2006 (ft) 7 .79 .10 .27 .89 .59 .97 .35 1.16 .81
Mean Bankfull Depth in 2014 (ft) 7 .95 .10 .27 .83 .80 1.01 .70 1.51 .82
Bankfull Width in 2006 (ft) 39 5.80 .49 3.04 5.30 3.40 7.60 1.90 15.20 13.30
Bankfull Width in 2014 (ft) 39 6.41 .50 3.15 5.60 3.40 9.00 2.40 13.30 10.90
Mean Bankfull Width in 2006 (ft) 13 5.80 .75 2.71 5.77 3.27 8.28 2.47 10.73 8.27
Mean Bankfull Width in 2014 (ft) 13 6.41 .77 2.78 6.93 3.60 8.88 2.83 10.43 7.60
Upstream Bankfull Width in 2006 (ft) 13 5.77 .78 2.82 5.30 3.40 8.50 2.40 11.10 8.70
Upstream Bankfull Width in 2014 (ft) 13 5.51 .68 2.44 5.20 3.15 8.00 2.40 9.00 6.60
Center Bankfull Width in 2006 (ft) 13 6.53 1.11 4.00 5.70 3.10 8.90 2.20 15.20 13.00
Center Bankfull Width in 2014 (ft) 13 7.26 1.11 4.00 8.30 3.30 11.00 2.80 13.30 10.50
Downstream Bankfull Width in 2006 (ft) 13 5.10 .57 2.04 5.10 3.20 7.30 1.90 7.80 5.90
Downstream Bankfull Width in 2014 (ft) 13 6.45 .78 2.80 5.60 3.55 9.30 3.20 11.70 8.50
Cross Sectional Area at Bankfull in 2006 (square ft) 7 7.43 1.70 4.50 5.40 4.20 13.88 3.54 13.94 10.40
Cross Sectional Area at Bankfull in 2014 (square ft) 7 9.51 1.23 3.27 8.10 6.95 13.10 6.60 15.10 8.50
Channel Slope in 2006 (%) 12 19.88 5.68 19.67 6.00 4.50 39.50 1.50 50.00 48.50
Channel Slope in 2014 (%) 12 21.00 5.65 19.58 8.25 5.13 42.50 3.00 50.50 47.50
Variable (units) N Mean Std. Error Std. Dev. Median 25th Perc. 75th Perc. Min Max Range
Bankfull Depth in 2006 (ft) 130 0.77 0.03 0.31 0.70 0.55 1.00 0.20 1.60 1.40
Bankfull Depth in 2014 (ft) 139 0.76 0.03 0.33 0.75 0.50 1.00 0.10 1.50 1.40
Mean Bankfull Depth in 2006 (ft) 13 .75 .07 .27 .65 .56 1.02 .47 1.26 .80
Mean Bankfull Depth in 2014 (ft) 13 .74 .06 .22 .75 .56 .85 .41 1.14 .73
Bankfull Width in 2006 (ft) 63 8.11 0.56 4.45 6.90 4.50 12.80 1.30 17.60 16.30
Bankfull Width in 2014 (ft) 63 8.83 0.66 5.27 6.70 4.30 12.40 2.80 22.90 20.10
Mean Bankfull Width in 2006 (ft) 21 8.11 .94 4.30 7.63 4.18 12.12 2.23 15.57 13.33
Mean Bankfull Width in 2014 (ft) 21 8.83 1.13 5.18 7.07 4.18 12.83 3.50 18.57 15.07
Upstream Bankfull Width in 2006 (ft) 21 7.98 1.01 4.63 8.20 3.70 12.70 1.30 16.20 14.90
Upstream Bankfull Width in 2014 (ft) 21 9.19 1.21 5.55 9.00 4.15 12.25 2.80 22.90 20.10
Center Bankfull Width in 2006 (ft) 21 8.23 1.02 4.69 6.60 4.25 13.45 2.80 17.60 14.80
Center Bankfull Width in 2014 (ft) 21 8.47 1.08 4.94 6.70 4.10 13.45 2.80 18.00 15.20
Downstream Bankfull Width in 2006 (ft) 21 8.12 .92 4.23 6.90 5.25 11.75 2.20 16.20 14.00
Downstream Bankfull Width in 2014 (ft) 21 8.82 1.21 5.54 5.90 4.40 12.75 3.50 20.30 16.80
Cross Sectional Area at Bankfull in 2006 (square ft) 13 7.72 1.38 4.98 6.10 4.06 9.54 1.80 17.71 15.91
Cross Sectional Area at Bankfull in 2014 (square ft) 13 8.13 1.15 4.15 8.45 4.83 10.85 2.05 16.50 14.45
Channel Slope in 2006 (%) 21 13.50 3.20 14.67 5.00 2.50 22.25 1.50 43.50 42.00
Channel Slope in 2014 (%) 21 13.67 3.26 14.93 5.00 2.25 23.25 1.00 44.50 43.50
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Figure 3.38: Bankfull Depth by Treatment in the Pre Harvest Time Period.  
 
 
Figure 3.39: Mean Bankfull Depth by Treatment in the Pre Harvest Time Period.  
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Figure 3.40: Bankfull Width by Treatment in the Pre Harvest Time Period.  
 
 
Figure 3.41: Cross Sectional Area at Bankfull by Treatment in the Pre Harvest Time Period.  
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Figure 3.42: Bankfull Depth by Treatment in the Post Harvest Time Period. 
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3.2.3. Content of Woody Debris 
 
Variables associated with the content of woody debris were measured in all (perennial, 
intermittent, and ephemeral) stream sections. The Kruskal-Wallis H test revealed statistically 
significant differences for a few of the individual variables that are associated with the content 
of woody debris. In the pre harvest dataset, treatment level significant differences were 
observed for diameter, mean diameter, and decay class. No significant differences were 
observed in the post harvest dataset. For each of these variables, the Mann-Whitney U test 
revealed at least three pairwise significant differences.  
Tables 3.12, 3.13, 3.14, and 3.15 provide an overview of pre and post harvest values for 
the content of woody debris in the control, BMP, BMP+, and BMP++ treatments respectively. 
Figures 3.43-3.45 show the distribution of diameter, mean diameter, and decay class by 
treatment in the pre harvest time period. For all boxplots, points denote values 1.5-3 times the 
inner quartile range below the 25th percentile or above the 75th percentile. Asterisks denote 
values >3 times the inner quartile range below the 25th percentile or above the 75th percentile 
(IBM Corp., 2013a). 
 
Table 3.12: Pre and Post Harvest Values for the Content of Woody Debris in the Control. 
 
 
 
 
Variable (units) N Mean Std. Error Std. Dev. Median 25th Perc. 75th Perc. Min Max Range
Diameter of Debris in 2006 (in) 303 6.244 .196 3.415 5.300 4.100 7.200 1.600 20.700 19.100
Diameter of Debris in 2014 (in) 285 6.639 .239 4.042 5.000 4.100 7.650 1.500 24.300 22.800
Mean Diameter of Debris in 2006 (in) 101 6.244 .322 3.235 5.333 4.100 7.033 3.000 19.033 16.033
Mean Diameter of Debris in 2014 (in) 95 6.639 .385 3.753 4.960 4.320 8.167 3.100 20.133 17.033
Length of Debris in 2006 (ft) 101 15.237 1.775 17.838 7.200 4.250 20.800 1.500 102.200 100.700
Length of Debris in 2014 (ft) 95 13.743 1.380 13.453 8.900 3.800 18.200 1.400 70.400 69.000
Volume of Debris in 2006 (cubic ft) 102 6.004 1.461 14.752 1.016 .588 3.965 .000 109.253 109.253
Volume of Debris in 2014 (cubic ft) 97 7.089 1.684 16.586 1.709 .398 3.964 .000 84.228 84.228
Total Volume of Debris in 2006 (cubic ft) 24 25.52 7.83 38.35 10.42 2.10 29.29 .00 147.85 147.85
Total Volume of Debris in 2014 (cubic ft) 24 28.65 9.67 47.39 5.30 2.39 34.66 .00 159.09 159.09
Number of Pieces Per Site in 2006 (#) 24 4.21 .60 2.95 3.50 2.00 6.00 .00 11.00 11.00
Number of Pieces Per Site in 2014 (#) 24 3.96 .82 4.02 2.00 1.00 6.00 .00 15.00 15.00
Number of Ground Pieces Per Site in 2006 (#) 24 1.96 .37 1.81 1.00 1.00 3.00 .00 6.00 6.00
Number of Ground Pieces Per Site in 2014 (#) 24 2.00 .48 2.34 1.00 .00 3.75 .00 8.00 8.00
Number of Snag Pieces Per Site in 2006 (#) 24 2.25 .49 2.40 2.00 1.00 3.00 .00 10.00 10.00
Number of Snag Pieces Per Site in 2014 (#) 24 1.96 .46 2.24 1.00 .00 2.75 .00 7.00 7.00
Decay Class in 2006 101 2.574 .060 .606 3.000 2.000 3.000 1.000 3.000 2.000
Decay Class in 2014 95 2.011 .038 .372 2.000 2.000 2.000 1.000 3.000 2.000
Proportion of Debris in Stream Zone in 2006 (%) 101 54.851 3.858 38.769 50.000 10.000 100.000 1.000 100.000 99.000
Proportion of Debris in Stream Zone in 2014 (%) 95 54.842 3.868 37.702 60.000 15.000 100.000 1.000 100.000 99.000
Proportion of Debris in Riparian Zone in 2006 (%) 101 45.149 3.858 38.769 50.000 .000 90.000 .000 99.000 99.000
Proportion of Debris in Riparian Zone in 2014 (%) 95 45.158 3.868 37.702 40.000 .000 85.000 .000 99.000 99.000
 65 
 
Table 3.13: Pre and Post Harvest Values for the Content of Woody Debris in the BMP Treatment. 
 
 
Table 3.14: Pre and Post Harvest Values for the Content of Woody Debris in the BMP+ 
Treatment. 
 
 
 
 
 
 
Variable (units) N Mean Std. Error Std. Dev. Median 25th Perc. 75th Perc. Min Max Range
Diameter of Debris in 2006 (in) 129 5.97 .35 3.93 4.70 3.95 6.40 1.60 23.10 21.50
Diameter of Debris in 2014 (in) 84 7.22 .46 4.26 5.15 4.20 8.08 2.50 18.50 16.00
Mean Diameter of Debris in 2006 (in) 43 5.97 .58 3.77 4.80 3.90 6.33 2.93 19.03 16.10
Mean Diameter of Debris in 2014 (in) 28 7.22 .76 4.05 5.60 4.24 9.32 3.23 16.83 13.60
Length of Debris in 2006 (ft) 43 16.66 2.30 15.07 13.70 6.90 20.40 1.30 72.80 71.50
Length of Debris in 2014 (ft) 28 18.91 3.14 16.60 14.35 4.73 26.80 1.10 65.30 64.20
Volume of Debris in 2006 (cubic ft) 43 8.05 3.72 24.39 1.61 .73 2.99 .12 132.01 131.88
Volume of Debris in 2014 (cubic ft) 31 10.06 3.72 20.71 2.10 .29 7.03 .00 90.04 90.04
Total Volume of Debris in 2006 (cubic ft) 11 31.48 16.58 54.97 5.11 3.38 27.51 .12 150.94 150.82
Total Volume of Debris in 2014 (cubic ft) 11 28.36 13.55 44.92 3.09 .00 83.08 .00 119.98 119.98
Number of Pieces Per Site in 2006 (#) 11 3.91 .86 2.84 3.00 2.00 6.00 1.00 11.00 10.00
Number of Pieces Per Site in 2014 (#) 11 2.55 .88 2.91 2.00 .00 3.00 .00 8.00 8.00
Number of Ground Pieces Per Site in 2006 (#) 11 1.45 .37 1.21 2.00 .00 2.00 .00 4.00 4.00
Number of Ground Pieces Per Site in 2014 (#) 11 1.00 .38 1.26 1.00 .00 2.00 .00 4.00 4.00
Number of Snag Pieces Per Site in 2006 (#) 11 2.45 .64 2.11 2.00 1.00 4.00 .00 7.00 7.00
Number of Snag Pieces Per Site in 2014 (#) 11 1.55 .77 2.54 .00 .00 3.00 .00 8.00 8.00
Decay Class in 2006 43 2.40 .11 .73 3.00 2.00 3.00 1.00 3.00 2.00
Decay Class in 2014 28 2.04 .04 .19 2.00 2.00 2.00 2.00 3.00 1.00
Proportion of Debris in Stream Zone in 2006 (%) 43 50.98 5.97 39.13 40.00 10.00 100.00 1.00 100.00 99.00
Proportion of Debris in Stream Zone in 2014 (%) 28 37.50 6.93 36.65 25.00 10.25 75.00 1.00 100.00 99.00
Proportion of Debris in Riparian Zone in 2006 (%) 43 49.02 5.97 39.13 60.00 .00 90.00 .00 99.00 99.00
Proportion of Debris in Riparian Zone in 2014 (%) 28 62.50 6.93 36.65 75.00 25.00 89.75 .00 99.00 99.00
Variable (units) N Mean Std. Error Std. Dev. Median 25th Perc. 75th Perc. Min Max Range
Diameter of Debris in 2006 (in) 204 6.72 .23 3.33 5.65 4.30 8.40 1.70 20.10 18.40
Diameter of Debris in 2014 (in) 140 5.84 .22 2.57 5.10 4.00 7.70 1.70 13.00 11.30
Mean Diameter of Debris in 2006 (in) 68 6.72 .38 3.10 5.80 4.53 8.14 2.80 17.37 14.57
Mean Diameter of Debris in 2014 (in) 47 5.86 .34 2.32 5.37 3.93 7.37 3.17 12.43 9.27
Length of Debris in 2006 (ft) 68 12.18 1.63 13.46 7.70 4.03 14.65 1.10 71.30 70.20
Length of Debris in 2014 (ft) 47 15.75 2.18 14.93 10.90 6.00 18.80 1.40 81.40 80.00
Volume of Debris in 2006 (cubic ft) 71 4.95 1.43 12.09 1.30 .55 4.16 .00 89.49 89.49
Volume of Debris in 2014 (cubic ft) 50 3.77 .88 6.25 1.15 .67 4.19 .00 32.20 32.20
Total Volume of Debris in 2006 (cubic ft) 13 27.05 8.61 31.05 28.19 .70 41.88 .00 107.32 107.32
Total Volume of Debris in 2014 (cubic ft) 13 14.48 3.60 12.99 11.41 2.10 24.15 .00 39.43 39.43
Number of Pieces Per Site in 2006 (#) 13 5.23 1.60 5.76 4.00 1.00 6.50 .00 19.00 19.00
Number of Pieces Per Site in 2014 (#) 13 3.62 1.03 3.73 3.00 .50 6.00 .00 11.00 11.00
Number of Ground Pieces Per Site in 2006 (#) 13 2.92 1.13 4.07 1.00 .00 4.00 .00 14.00 14.00
Number of Ground Pieces Per Site in 2014 (#) 13 1.23 .39 1.42 1.00 .00 2.50 .00 4.00 4.00
Number of Snag Pieces Per Site in 2006 (#) 13 2.31 .79 2.84 2.00 .50 3.00 .00 11.00 11.00
Number of Snag Pieces Per Site in 2014 (#) 13 2.38 .69 2.50 1.00 .50 4.00 .00 7.00 7.00
Decay Class in 2006 68 2.75 .06 .50 3.00 3.00 3.00 1.00 3.00 2.00
Decay Class in 2014 46 2.00 .03 .21 2.00 2.00 2.00 1.00 3.00 2.00
Proportion of Debris in Stream Zone in 2006 (%) 68 57.31 4.77 39.35 50.00 20.00 100.00 1.00 100.00 99.00
Proportion of Debris in Stream Zone in 2014 (%) 47 52.64 4.94 33.88 50.00 20.00 85.00 5.00 100.00 95.00
Proportion of Debris in Riparian Zone in 2006 (%) 68 42.69 4.77 39.35 50.00 .00 80.00 .00 99.00 99.00
Proportion of Debris in Riparian Zone in 2014 (%) 47 47.36 4.94 33.88 50.00 15.00 80.00 .00 95.00 95.00
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Table 3.15: Pre and Post Harvest Values for the Content of Woody Debris in the BMP++ 
Treatment. 
 
 
Figure 3.43: Diameter by Treatment in the Pre Harvest Time Period.  
 
 
 
 
 
Variable (units) N Mean Std. Error Std. Dev. Median 25th Perc. 75th Perc. Min Max Range
Diameter of Debris in 2006 (in) 270 7.07 0.23 3.83 5.70 4.30 8.50 2.30 21.50 19.20
Diameter of Debris in 2014 (in) 186 7.11 0.33 4.45 5.50 4.20 8.08 1.20 23.80 22.60
Mean Diameter of Debris in 2006 (in) 90 7.07 0.37 3.54 5.90 4.40 8.80 3.30 20.60 17.30
Mean Diameter of Debris in 2014 (in) 62 7.11 0.53 4.17 5.57 4.37 8.51 2.93 20.63 17.70
Length of Debris in 2006 (ft) 90 19.07 2.21 20.97 11.05 4.78 25.58 1.80 83.00 81.20
Length of Debris in 2014 (ft) 62 15.42 2.31 18.17 9.65 5.13 14.60 1.20 86.50 85.30
Volume of Debris in 2006 (cubic ft) 90 10.65 2.36 22.40 1.62 0.67 8.12 0.17 130.32 130.14
Volume of Debris in 2014 (cubic ft) 68 7.73 2.10 17.31 1.30 0.49 4.89 0.00 88.12 88.12
Total Volume of Debris in 2006 (cubic ft) 21 45.64 15.05 68.95 3.94 1.97 86.44 .36 239.14 238.78
Total Volume of Debris in 2014 (cubic ft) 21 25.03 9.13 41.83 4.52 .00 34.80 .00 125.97 125.97
Number of Pieces Per Site in 2006 (#) 21 4.29 .61 2.78 4.00 2.00 6.00 1.00 10.00 9.00
Number of Pieces Per Site in 2014 (#) 21 2.95 .62 2.82 2.00 .00 5.00 .00 8.00 8.00
Number of Ground Pieces Per Site in 2006 (#) 21 2.00 .35 1.58 2.00 1.00 3.00 .00 6.00 6.00
Number of Ground Pieces Per Site in 2014 (#) 21 1.81 .36 1.63 2.00 .00 3.00 .00 5.00 5.00
Number of Snag Pieces Per Site in 2006 (#) 21 2.29 .55 2.51 1.00 .00 4.00 .00 8.00 8.00
Number of Snag Pieces Per Site in 2014 (#) 21 1.14 .37 1.71 .00 .00 2.50 .00 6.00 6.00
Decay Class in 2006 90 2.49 0.07 0.67 3.00 2.00 3.00 1.00 3.00 2.00
Decay Class in 2014 62 2.03 0.06 0.44 2.00 2.00 2.00 1.00 3.00 2.00
Proportion of Debris in Stream Zone in 2006 (%) 90 50.00 4.05 38.47 50.00 10.00 100.00 1.00 100.00 99.00
Proportion of Debris in Stream Zone in 2014 (%) 62 53.47 4.92 38.78 50.00 13.00 100.00 1.00 100.00 99.00
Proportion of Debris in Riparian Zone in 2006 (%) 90 50.00 4.05 38.47 50.00 0.00 90.00 0.00 99.00 99.00
Proportion of Debris in Riparian Zone in 2014 (%) 62 46.53 4.92 38.78 50.00 0.00 87.00 0.00 99.00 99.00
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Figure 3.44: Mean Diameter of Woody Debris by Treatment in the Pre Harvest Time Period.  
 
 
Figure 3.45: Decay Class of Woody Debris by Treatment in the Pre Harvest Time Period.  
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3.2.4. Related Variables - Stream Visual Assessment Protocol (SVAP) 
 
Related variables were measured only in perennial and intermittent stream sections 
(not ephemeral stream sections). The Kruskal-Wallis H test revealed statistically significant 
differences for a few of the individual variables that are associated with the SVAP. In the pre 
harvest dataset, only mean insect/invertebrate habitat was found to be significantly different at 
the treatment level. In the post harvest dataset, treatment level significant differences were 
observed for mean channel condition, mean hydrologic alteration, and mean canopy cover. For 
each of these variables, the Mann-Whitney U test revealed at least one pairwise significant 
difference.  
Tables 3.16, 3.17, 3.18, and 3.19 provide an overview of pre and post harvest SVAP 
scores in the control, BMP, BMP+, and BMP++ treatments respectively.  Figure 3.46 shows the 
distribution of mean insect/invertebrate habitat by treatment in the pre harvest time period. 
Figures 3.47-3.49 show the distribution of mean channel condition, mean hydrologic alteration, 
and mean canopy cover by treatment in the post harvest time period. For all boxplots, points 
denote values 1.5-3 times the inner quartile range below the 25th percentile or above the 75th 
percentile. Asterisks denote values >3 times the inner quartile range below the 25th percentile or 
above the 75th percentile (IBM Corp., 2013a). 
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Table 3.16: Pre and Post Harvest Scores for the Stream Visual Assessment Protocol in the 
Control.  
 
 
Table 3.17: Pre and Post Harvest Scores for the Stream Visual Assessment Protocol in the BMP 
Treatment. 
 
Variable (units) N Mean Std. Error Std. Dev. Median 25th Perc. 75th Perc. Min Max Range
Overall SVAP Score in 2006 16 9.74 .05 .20 9.81 9.55 9.88 9.38 10.00 .63
Overall SVAP Score in 2014 16 8.13 .19 .78 8.39 7.57 8.70 6.67 9.33 2.67
Mean Channel Condition Score in 2006 16 9.91 .07 .27 10.00 10.00 10.00 9.00 10.00 1.00
Mean Channel Condition Score in 2014 16 6.16 .55 2.22 6.75 3.63 7.88 3.00 9.00 6.00
Mean Hydrologic Alteration Score in 2006 16 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Hydrologic Alteration Score in 2014 16 6.13 .61 2.45 7.00 3.00 8.00 2.50 10.00 7.50
Mean Riparian Zone Score in 2006 16 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Riparian Zone Score in 2014 16 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Bank Stability Score in 2006 16 8.41 .30 1.19 8.50 7.50 9.50 6.00 10.00 4.00
Mean Bank Stability Score in 2014 16 5.69 .54 2.14 5.75 3.63 7.50 2.00 9.00 7.00
Mean Water Appearance Score in 2006 16 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Water Appearance Score in 2014 16 9.75 .17 .68 10.00 10.00 10.00 8.00 10.00 2.00
Mean Nutrient Enrichment Score in 2006 16 9.94 .06 .25 10.00 10.00 10.00 9.00 10.00 1.00
Mean Nutrient Enrichment Score in 2014 16 9.91 .07 .27 10.00 10.00 10.00 9.00 10.00 1.00
Mean Barriers to Fish Movement Score in 2006 16 9.50 .35 1.41 10.00 10.00 10.00 5.00 10.00 5.00
Mean Barriers to Fish Movement Score in 2014 16 9.69 .31 1.25 10.00 10.00 10.00 5.00 10.00 5.00
Mean Instream Fish Cover Score in 2006 16 9.78 .11 .45 10.00 9.63 10.00 8.50 10.00 1.50
Mean Instream Fish Cover Score in 2014 16 5.19 .49 1.97 5.00 3.50 5.00 3.00 10.00 7.00
Mean Pools Score in 2006 16 9.34 .28 1.14 10.00 8.38 10.00 7.00 10.00 3.00
Mean Pools Score in 2014 16 7.00 .67 2.68 7.25 5.38 9.50 2.00 10.00 8.00
Mean Insect/Invertebrate Habitat Score in 2006 16 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Insect/Invertebrate Habitat Score in 2014 16 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Canopy Cover Score in 2006 16 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Canopy Cover Score in 2014 16 9.81 .19 .75 10.00 10.00 10.00 7.00 10.00 3.00
Mean Riffle Embeddedness Score in 2006 16 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Riffle Embeddedness Score in 2014 9 8.44 .71 2.13 10.00 6.50 10.00 5.00 10.00 5.00
Variable (units) N Mean Std. Error Std. Dev. Median 25th Perc. 75th Perc. Min Max Range
Overall SVAP Score in 2006 6 9.72 .13 .31 9.79 9.51 9.97 9.15 10.00 .85
Overall SVAP Score in 2014 6 7.88 .47 1.15 8.21 6.61 8.94 6.25 9.00 2.75
Mean Channel Condition Score in 2006 6 9.63 .38 .92 10.00 9.44 10.00 7.75 10.00 2.25
Mean Channel Condition Score in 2014 6 5.83 1.02 2.50 6.75 2.88 8.00 2.50 8.00 5.50
Mean Hydrologic Alteration Score in 2006 6 9.67 .33 .82 10.00 9.50 10.00 8.00 10.00 2.00
Mean Hydrologic Alteration Score in 2014 6 7.00 .75 1.84 7.75 5.13 8.50 4.00 8.50 4.50
Mean Riparian Zone Score in 2006 6 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Riparian Zone Score in 2014 6 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Bank Stability Score in 2006 6 8.75 .38 .94 8.75 7.88 9.63 7.50 10.00 2.50
Mean Bank Stability Score in 2014 6 5.17 1.19 2.93 4.50 2.75 8.25 2.00 9.00 7.00
Mean Water Appearance Score in 2006 6 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Water Appearance Score in 2014 6 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Nutrient Enrichment Score in 2006 6 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Nutrient Enrichment Score in 2014 6 9.08 .58 1.43 10.00 7.38 10.00 7.00 10.00 3.00
Mean Barriers to Fish Movement Score in 2006 6 9.67 .33 .82 10.00 9.50 10.00 8.00 10.00 2.00
Mean Barriers to Fish Movement Score in 2014 6 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Instream Fish Cover Score in 2006 6 9.42 .37 .92 10.00 8.38 10.00 8.00 10.00 2.00
Mean Instream Fish Cover Score in 2014 6 6.50 1.06 2.59 6.50 4.50 8.50 3.00 10.00 7.00
Mean Pools Score in 2006 6 9.83 .17 .41 10.00 9.75 10.00 9.00 10.00 1.00
Mean Pools Score in 2014 6 6.42 1.25 3.06 7.00 2.88 9.50 2.50 9.50 7.00
Mean Insect/Invertebrate Habitat Score in 2006 6 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Insect/Invertebrate Habitat Score in 2014 6 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Canopy Cover Score in 2006 6 9.83 .17 .41 10.00 9.75 10.00 9.00 10.00 1.00
Mean Canopy Cover Score in 2014 6 5.50 2.01 4.93 5.50 1.00 10.00 1.00 10.00 9.00
Mean Riffle Embeddedness Score in 2006 6 9.83 .17 .41 10.00 9.75 10.00 9.00 10.00 1.00
Mean Riffle Embeddedness Score in 2014 4 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
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Table 3.18: Pre and Post Harvest Scores for the Stream Visual Assessment Protocol in the BMP+ 
Treatment. 
 
 
Table 3.19: Pre and Post Harvest Scores for the Stream Visual Assessment Protocol in the BMP++ 
Treatment. 
 
Variable (units) N Mean Std. Error Std. Dev. Median 25th Perc. 75th Perc. Min Max Range
Overall SVAP Score in 2006 7 9.72 .05 .13 9.73 9.58 9.83 9.54 9.88 .33
Overall SVAP Score in 2014 7 8.77 .15 .40 8.67 8.41 9.29 8.30 9.32 1.02
Mean Channel Condition Score in 2006 7 9.86 .09 .24 10.00 9.50 10.00 9.50 10.00 .50
Mean Channel Condition Score in 2014 7 9.29 .47 1.25 10.00 8.00 10.00 7.00 10.00 3.00
Mean Hydrologic Alteration Score in 2006 7 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Hydrologic Alteration Score in 2014 7 9.00 .55 1.44 10.00 7.50 10.00 6.50 10.00 3.50
Mean Riparian Zone Score in 2006 7 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Riparian Zone Score in 2014 7 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Bank Stability Score in 2006 7 8.25 .44 1.16 8.50 7.50 9.00 6.00 9.50 3.50
Mean Bank Stability Score in 2014 7 8.14 .42 1.11 8.00 7.00 9.00 7.00 10.00 3.00
Mean Water Appearance Score in 2006 7 9.86 .14 .38 10.00 10.00 10.00 9.00 10.00 1.00
Mean Water Appearance Score in 2014 7 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Nutrient Enrichment Score in 2006 7 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Nutrient Enrichment Score in 2014 7 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Barriers to Fish Movement Score in 2006 7 9.79 .10 .27 10.00 9.50 10.00 9.50 10.00 .50
Mean Barriers to Fish Movement Score in 2014 7 9.00 1.00 2.65 10.00 10.00 10.00 3.00 10.00 7.00
Mean Instream Fish Cover Score in 2006 7 9.79 .21 .57 10.00 10.00 10.00 8.50 10.00 1.50
Mean Instream Fish Cover Score in 2014 7 4.86 .63 1.68 5.00 3.00 5.00 3.00 8.00 5.00
Mean Pools Score in 2006 7 9.21 .29 .76 9.50 8.50 10.00 8.00 10.00 2.00
Mean Pools Score in 2014 6 6.00 1.34 3.27 7.25 2.50 8.38 1.00 9.50 8.50
Mean Insect/Invertebrate Habitat Score in 2006 7 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Insect/Invertebrate Habitat Score in 2014 7 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Canopy Cover Score in 2006 7 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Canopy Cover Score in 2014 7 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Riffle Embeddedness Score in 2006 7 9.86 .14 .38 10.00 10.00 10.00 9.00 10.00 1.00
Mean Riffle Embeddedness Score in 2014 2 8.50 1.50 2.12 8.50 7.00 7.00 10.00 3.00
Variable (units) N Mean Std. Error Std. Dev. Median 25th Perc. 75th Perc. Min Max Range
Overall SVAP Score in 2006 13 9.60 .09 .31 9.59 9.30 9.92 9.17 10.00 .83
Overall SVAP Score in 2014 13 8.54 .14 .51 8.59 8.09 8.87 7.55 9.38 1.83
Mean Channel Condition Score in 2006 13 9.75 .14 .50 10.00 9.63 10.00 8.50 10.00 1.50
Mean Channel Condition Score in 2014 13 8.31 .51 1.83 9.00 7.25 10.00 3.50 10.00 6.50
Mean Hydrologic Alteration Score in 2006 13 9.81 .13 .48 10.00 10.00 10.00 8.50 10.00 1.50
Mean Hydrologic Alteration Score in 2014 13 8.00 .57 2.06 8.50 7.00 10.00 3.50 10.00 6.50
Mean Riparian Zone Score in 2006 13 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Riparian Zone Score in 2014 13 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Bank Stability Score in 2006 13 8.85 .44 1.59 9.50 8.50 10.00 5.50 10.00 4.50
Mean Bank Stability Score in 2014 13 6.58 .72 2.60 7.00 4.75 9.00 1.00 9.50 8.50
Mean Water Appearance Score in 2006 12 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Water Appearance Score in 2014 12 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Nutrient Enrichment Score in 2006 12 9.94 .06 .22 10.00 10.00 10.00 9.25 10.00 .75
Mean Nutrient Enrichment Score in 2014 13 9.88 .12 .42 10.00 10.00 10.00 8.50 10.00 1.50
Mean Barriers to Fish Movement Score in 2006 13 9.69 .14 .52 10.00 9.25 10.00 8.50 10.00 1.50
Mean Barriers to Fish Movement Score in 2014 13 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Instream Fish Cover Score in 2006 13 9.27 .29 1.05 10.00 8.25 10.00 7.00 10.00 3.00
Mean Instream Fish Cover Score in 2014 13 5.54 .61 2.18 5.00 3.00 8.00 3.00 8.00 5.00
Mean Pools Score in 2006 12 8.71 .37 1.27 8.75 7.50 10.00 7.00 10.00 3.00
Mean Pools Score in 2014 13 6.88 .84 3.01 7.00 5.75 9.00 1.00 10.00 9.00
Mean Insect/Invertebrate Habitat Score in 2006 13 9.46 .27 .97 10.00 9.00 10.00 7.00 10.00 3.00
Mean Insect/Invertebrate Habitat Score in 2014 13 9.77 .23 .83 10.00 10.00 10.00 7.00 10.00 3.00
Mean Canopy Cover Score in 2006 13 10.00 .00 .00 10.00 10.00 10.00 10.00 10.00 .00
Mean Canopy Cover Score in 2014 13 9.77 .23 .83 10.00 10.00 10.00 7.00 10.00 3.00
Mean Riffle Embeddedness Score in 2006 11 9.82 .12 .40 10.00 10.00 10.00 9.00 10.00 1.00
Mean Riffle Embeddedness Score in 2014 8 7.56 .97 2.74 8.25 4.75 10.00 3.00 10.00 7.00
 71 
 
Figure 3.46: Mean Insect/Invertebrate Habitat by Treatment in the Pre Harvest Time Period.  
 
 
Figure 3.47: Mean Channel Condition by Treatment in the Post Harvest Time Period.  
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Figure 3.48: Mean Hydrologic Alteration by Treatment in the Post Harvest Time Period. 
 
 
Figure 3.49: Mean Canopy Cover by Treatment in the Post Harvest Time Period.  
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3.3. Watershed Area 
 
Mean watershed area varied considerably among treatments and within treatments by 
stream classification (perennial, intermittent, or ephemeral). Among treatments, differences 
were most pronounced at the perennial stream level. Table 3.20 shows mean watershed area 
(in hectares) by treatment and stream classification. Tables 3.21-3.24 show the results for 
watershed area by site in the control and all of the treatments. Sites in bold were excluded from 
both statistical analyses and were not used in calculation of mean values that are presented in 
Table 3.20.  
 
Table 3.20: Mean Watershed Area in Hectares by Treatment and Stream Classification. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CONTROL BMP BMP+ BMP++
Perennial 52.43 37.02 30.24 72.07
Intermittent 15.52 10.98 14.52 11.82
Ephemeral 2.40 3.12 0.94 3.48
All (non-weighted) 20.58 19.25 14.10 34.46
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Table 3.21: Results for Watershed Area in the Control. 
 
 
 
 
 
 
 
Site ID Hectares Stream Classification
FRP1 97.03 Perennial
FRP2 NA Perennial
FRP3 45.47 Perennial
FRI1 22.05 Intermittent
FRI2 8.87 Intermittent
FRI3 14.47 Intermittent
FRI4 25.61 Intermittent
FRI5 17.96 Intermittent
FRE1 5.46 Ephemeral
FRE2 1.75 Ephemeral
FRE3 5.22 Ephemeral
FRE4 1.77 Ephemeral
FRE5 2.37 Ephemeral
FRE6 0.82 Ephemeral
FRE7 0.68 Ephemeral
LMP1 75.97 Perennial
LMP2 68.99 Perennial
LMP3 49.12 Perennial
LMP4 42.73 Perennial
LMP5 32.31 Perennial
LMI1 9.24 Intermittent
LMI2 24.71 Intermittent
LMI3 8.56 Intermittent
LMI4 8.20 Intermittent
LME1 0.42 Ephemeral
LME2 1.12 Ephemeral
LME3 1.14 Ephemeral
LME4 0.89 Ephemeral
LME5 0.40 Ephemeral
LME6 1.11 Ephemeral
LME7 0.77 Ephemeral
LME8 1.83 Ephemeral
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Table 3.22: Results for Watershed Area in the BMP Treatment. 
 
 
Table 3.23: Results for Watershed Area in the BMP+ Treatment. 
 
Site ID Hectares Stream Classification
BFP1 58.45 Perennial
BFP2 51.22 Perennial
BFP3 30.81 Perennial
BFI1 NA Intermittent
BFE1 4.85 Ephemeral
BFE2 3.03 Ephemeral
BFE3 0.64 Ephemeral
BFE4 2.80 Ephemeral
BFE5 3.62 Ephemeral
SRNP1 26.77 Perennial
SRNP2 17.86 Perennial
SRNI1 10.98 Intermittent
SRNE1 0.45 Ephemeral
SRNE2 3.79 Ephemeral
SRNE3 0.55 Ephemeral
Site ID Hectares Stream Classification
GHP1R 35.19 Perennial
GHP1L 35.19 Perennial
GHP2 30.71 Perennial
GHI1 17.71 Intermittent
GHI? NA Intermittent
GHE1 1.68 Ephemeral
GHE2 0.91 Ephemeral
GHE3MAYBE NA Ephemeral
GHE4* 1.94 Ephemeral
GHESVAP 0.40 Ephemeral
SRSP1 31.54 Perennial
SRSP2 23.53 Perennial
SRSI1 17.06 Intermittent
SRSI2 8.79 Intermittent
SRSE1 0.96 Ephemeral
SRSE2 0.34 Ephemeral
SRSE3 0.81 Ephemeral
SRSE4 NA Ephemeral
SRSE5 1.02 Ephemeral
*Site excluded from the analysis of channel
slope only
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Table 3.24: Results for Watershed Area in the BMP++ Treatment. 
 
 
 
 
 
 
 
Site ID Hectares Stream Classification
SRWP1 75.25 Perennial
SRWP2 52.47 Perennial
SRWP3 28.71 Perennial
SRWI1 13.82 Intermittent
SRWI2 7.98 Intermittent
SRWI3 12.18 Intermittent
SRWI4 12.86 Intermittent
SRWE1 6.49 Ephemeral
SRWE2 1.23 Ephemeral
SRWE3 1.03 Ephemeral
SRWE4 1.27 Ephemeral
SRWE5 7.97 Ephemeral
SRWE6 NA Ephemeral
SRWE7 0.76 Ephemeral
WFP1 110.20 Perennial
WFP2 102.79 Perennial
WFP3 98.67 Perennial
WFP4 78.99 Perennial
WFP5 66.71 Perennial
WFP6 34.85 Perennial
WFI1 7.65 Intermittent
WFI2 19.46 Intermittent
WFI3 NA Intermittent
WFE1 3.52 Ephemeral
WFE2 2.66 Ephemeral
WFE3 NA Ephemeral
WFE4 NA Ephemeral
WFE5 3.67 Ephemeral
WFE6 NA Ephemeral
WFE7 NA Ephemeral
WFE8 0.21 Ephemeral
WFE9 NA Ephemeral
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CHAPTER 4: DISCUSSION 
 
This chapter is organized with respect to the objectives that were presented in Chapter 
1 of this report. These were (1) to determine the extent to which current Kentucky BMPs 
minimized harvest-related changes in stream water quality, channel morphology, and the 
content of woody debris and (2) to determine the extent to which modified BMPs influenced the 
same characteristics. The first section of this chapter provides an evaluation of current Kentucky 
BMPs. This was done by comparing results in the current BMP treatment to those in the 
unharvested control.  The second section of this chapter provides an evaluation of modified 
BMPs. This was done by comparing results in the current BMP treatment to those in each of the 
modified BMP treatments and by comparing the results in all of the harvest treatments to those 
in the unharvested control. Within each section, ideas are organized with respect to the 
watershed characteristic under consideration.  
 
4.1. Evaluation of Current Kentucky BMPs 
 
The short-term (4-5 year) impacts of forest harvesting on stream water quality, stream 
channel morphology, and the content of instream woody debris appear to be minimal overall 
with the application of current Kentucky Best Management Practices (BMPs). 
 
4.1.1. Stream Water Quality 
 
Of the fourteen water quality variables that were assessed, seven displayed statistically 
significant differences among treatments after the harvest. Although significant for most of 
these variables, differences between the BMP and control treatments were very minor (< 0.30 
mg/L difference in mean and median values for magnesium, sodium, ammonium, and calcium; < 
0.80 mg/L for sulfate; < 0.30 for pH; and < 1.80 uS/cm for conductivity, which was statistically 
similar between the control and BMP treatments).   
Due to major differences in sample size, no statistical comparison of pre and post 
harvest data was conducted for any of the water quality variables. However, differences in pre 
and post harvest mean and median values revealed that little change occurred in the BMP 
treatment (< 0.30 mg/L decrease for magnesium, sodium, and calcium; and < 1.60 decrease for 
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sulfate and ammonium). However, noteworthy changes were observed for conductivity and pH 
in the BMP treatment. Mean conductivity in the BMP treatment decreased by 14.4 uS/cm over 
the course of this study. However, it should be noted that mean conductivity in this treatment 
was much higher than that in the control before the harvest was initiated and as mentioned 
above, differences in mean and median conductivity were minimal 4-5 years after the harvest. 
Changes in mean pH are also important to discuss. Before the harvest, mean pH in the BMP 
treatment (6.92) was within the window of that specified by the State of Kentucky (401 KAR 
10:031) for the protection of “aquatic life” and “recreational waters” (pH of 6.0-9.0; Kentucky 
Legislature, 2015), but this was not the case 4-5 years after harvest. Mean pH in the BMP 
treatment after the harvest was 5.52. Although harvesting was conducted between the 
collection of pre and post harvest datasets, lower pH values may have more to do with natural 
processes than the 2008-2009 harvest itself given that the unharvested control exhibited a 
similar decrease. It is interesting to note that mean streamwater pH after the harvest (5.34 in 
the control and 5.52 in the BMP treatment) was substantially higher than the 10-year mean pH 
value for precipitation (4.15) reported by Arthur et al. (1998) for Robinson Forest.  
 
 4.1.2. Stream Channel Morphology 
 
As with water quality, the impacts of harvesting on stream channel morphology were 
minimal when current Kentucky BMPs were applied. In the BMP treatment, no significant 
differences were observed for any of the channel dimensions (mean bankfull depth, mean 
bankfull width, cross sectional area, upstream bankfull width, center bankfull width, and 
downstream bankfull width) when pre and post harvest datasets were compared, despite 
significant differences for these variables in the unharvested control. Bowker (2013), Witt 
(2012), and Witt et al. (2013) noted a large (50 year) storm event that occurred in May of 2009, 
which had a major impact on stream hydrology and morphology. It is possible that the impact of 
flooding on channel dimensions was greater in the control than in the BMP treatment. Based on 
this information, it appears as though harvesting in the BMP treatment actually protected 
against major morphological changes, to the extent that changes in channel dimensions were 
undetectable 4-5 years after the harvest. The absence of a response in the BMP treatment 
might be related to the impact of the harvest trail network and logging slash on the movement 
of water and sediment. Bowker (2013) observed significantly more undisturbed sediment paths 
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per unit length of stream on average in the unharvested control relative to the most 
conservative harvest treatment. These results were explained by the presence of water control 
structures on the equipment trail network and their role in intercepting and dispersing surface 
water before it was delivered to the stream system. He also observed negative relationships 
between the number and width of sediment paths (undisturbed, machine-caused, and 
combined) and either total or coarse surface roughness (Bowker, 2013), indicating that the 
presence of wood debris may have an impact on the transfer of water and sediment to streams. 
The combined effects of these factors on the timing, volume, and velocity of the hydrologic 
response should not be underestimated and may explain the absence of a morphological 
response in the treatment that was consistent with current Kentucky BMPs.  
 
4.1.3. Content of Woody Debris 
 
The impacts of harvesting on the content of woody debris were also minimal when 
current Kentucky BMPs were applied. In the BMP treatment, none of the variables (total 
number of pieces per site, mean volume, total volume, mean length, mean of mean diameter, 
mean percent stream, mean percent riparian, mean decay class, total number of ground pieces, 
or total number of snag pieces) were found to be significantly different before and after the 
harvest. This was similar to what was observed in the unharvested control, where only one 
variable (mean decay class) was found to be significantly different over time. In addition, an 
analysis of post harvest data revealed that none of the variables were significantly different 
between the unharvested control and the BMP treatment 4-5 years after the harvest. In the 
short-term, current Kentucky BMPs appear to prevent unnatural changes in the content of 
woody debris. However, these results differ from those provided by McClure et al. (2004) for an 
earlier study performed within the Clemons Fork watershed. McClure et al. (2004) also observed 
statistical similarity between control and BMP treatments for mean diameter, mean length, and 
mean decay class, but they did find significant differences in mean volume (and mean biomass) 
between these two treatments, with the BMP treatment having more wood than the control. 
The presence of excess wood in the BMP treatment was attributed to “windthrow and/or 
slumping” in the riparian buffer (p. 259). The riparian buffer employed by McClure et al. (2004) 
was the same width (15.2 meters) as that used in the BMP treatment for the present study. 
Differences in results between these two studies are probably related to differences in time 
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between completion of the harvest and the collection of post harvest data. While data for the 
present study were collected 4-5 years after the harvest, data for McClure et al. (2004) were 
collected 18 years after harvest. Over time, windthrow and slumping in the current BMP 
treatment could provide for additional recruitment of debris, but it is unclear whether or not 
the amount of wood will ever exceed that present in the unharvested control. Others have 
observed differences in volume and biomass of debris among terrestrial stands in different age 
classes (McCarthy & Bailey, 1994). Differences in results between the present study and that 
conducted by McClure et al. (2004) might also be related to differences in the intensity of the 
harvest treatment that was applied. While McClure et al. (2004) used a clearcut to remove 
timber outside of the riparian zone in the BMP treatment, the present study used a 
“shelterwood with reserves system,” which retained approximately 15 square feet (1.39 square 
meters) of the forest basal area (Witt, 2012, p. 10). As such, trees that were left on site may 
have effectively reduced the potential for windthrow and slumping by intercepting wind and 
water before it reached the riparian buffer.  
 
4.1.4. Related Variables – Stream Visual Assessment Protocol (SVAP) 
 
Additional information on overall site condition was collected via the Stream Visual 
Assessment Protocol (SVAP; NRCS, 1998). The impacts of harvesting with BMPs on individual 
SVAP variables were more pronounced than those reported above for water quality, channel 
morphology, and woody debris. In the treatment that was consistent with current Kentucky 
BMPs, multiple SVAP variables (mean channel condition, mean hydrologic alteration, mean bank 
stability, and mean pools) as well as the overall SVAP score were found to be significantly 
different before and after the harvest. However, the same variables were found to be 
significantly different over time in the unharvested control, and only one variable (mean canopy 
cover) was found to be significantly different between the BMP treatment and the unharvested 
control after the harvest. It is important to note that the difference in mean canopy cover was 
expected considering that 50% of overstory trees were removed next to perennial stream and 
100% of overstory trees were removed next to intermittent streams, where SVAP scores were 
recorded. For the most part, these results support the conclusion that the impacts of harvesting 
were minimal when current Kentucky BMPs were applied. Based on median overall SVAP scores 
from the pre harvest time period, it is clear that the control and the current BMP treatment 
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were in “Excellent” condition (score >9.0) before the harvest was initiated. Median overall SVAP 
scores decreased by very little in the BMP treatment (-1.59) and unharvested control (-1.42) and 
on average, sites were still in “Good” condition (SVAP scores ranging from 7.5-8.9 of 10) 4-5 
years after the harvest in both treatments.  
Despite the above-mentioned similarities, there were a couple cases where changes in 
the scores associated with individual SVAP variables in BMP treatment appeared to be more 
extreme than those observed in the unharvested control. This was evident for both mean bank 
stability and mean pools. After the harvest, 3 of 6 sites in the BMP treatment were assigned 
average scores of 3 or below for mean bank stability, indicating that streambank erosion was 
evident (NRCS, 1998). In contrast to what might be expected, these observations may have very 
little to do with differences in hydrology between the BMP treatment and the unharvested 
control. According to Witt (2012) major changes in the hydrologic response were not observed. 
It is possible that the removal of riparian trees and the presence of logging equipment in the 
channel (at stream crossings) contributed to the instability observed here. Differences in bank 
stability as a result of these factors would likely be associated with differences in instream 
sediment levels. Both turbidity and total suspended solids (TSS) were found to be highest in the 
current BMP treatment during and immediately after the 2008-2009 harvest operation in 
ephemeral sections of the stream (Witt, 2012). The direct impacts of riparian tree removal on 
sedimentation were not assessed, but a comparison of stream crossing types in ephemeral 
streams revealed that values for both total suspended solids (TSS) and turbidity were highest 
when unimproved crossings were used (Witt, 2012). While these results are limited to 
ephemeral channels, they confirm that at least one of the above-mentioned factors (riparian 
tree removal and/or equipment operation within the stream channel) has the capacity to 
influence instream sediment distribution. In the BMP treatment, both of these factors were also 
present in perennial and intermittent stream sections where the scores for mean bank stability 
were recorded. Like those for mean bank stability, changes in the scores for mean pools also 
appeared to be more extreme in the BMP treatment. Pools are scored based on depth and 
frequency of occurrence, with the score decreasing as pools become shallower and/or less 
frequent in a given area (NRCS, 1998). It is possible that many of the pools were filled in with 
sediment during and after the harvest operation due to the removal of riparian trees and the 
use of unimproved stream crossings. As mentioned above, both turbidity and total suspended 
solids (TSS) were found to be highest in the current BMP treatment during and immediately 
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after the 2008-2009 harvest operation in ephemeral sections of the stream (Witt, 2012). 
Although changes in mean pools were not recorded at the ephemeral level (the SVAP was not 
conducted for ephemeral sites), it is likely that the sediment observed by Witt (2012) was 
transported downstream and redistributed in intermittent and perennial sections of the stream 
where the scores for mean pools were recorded. Changes in pool depth and occurrence might 
also be related to the impact of riparian tree removal on the development and persistence of 
logjams. Channel bank trees may serve as potential anchor points for the development of 
logjams and as such, their removal may contribute to the destruction of these features to some 
extent. Woody debris can influence the distribution of sediment upstream and downstream of 
its location (Keller & Swanson, 1979). It is possible that the destruction of logjams (due to the 
removal of riparian trees) in the BMP treatment provided for the release of previously stored 
sediment, which was eventually redistributed in pool features. In addition to the impacts of 
logjams on sediment distribution, they are also associated with the formation of pools (Keller & 
Swanson, 1979; Ralph et al., 1994; and Harmon et al. 1986). Ralph et al. (1994) claim that, 
“reduced overall pool area in streams from harvested basins is a result of the reduction in stable 
LWD [large woody debris] because in most streams <4% gradient, such material can account for 
most of the hydraulic obstructions necessary for pool formation” (p. 48). 
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4.2. Evaluation of Modified BMPs 
 
The short-term (4-5 year) impacts of harvesting on water quality, channel morphology, 
and woody debris were minimal when current Kentucky BMPs were applied, and it is not 
surprising that the impacts of harvesting were also minimal when modified BMPs were applied. 
Considering that the implementation of additional protective measures can be costly, it is 
important to understand the extent to which modified BMPs influenced the above-mentioned 
variables. 
 
4.2.1. Stream Water Quality 
 
For a couple of the water quality variables (ammonium and pH), it appears as though 
modified BMPs did very little to further minimize the impacts of harvesting. The concentration 
of ammonium was statistically similar among BMP treatments (current and modified) after the 
harvest. Although the extent of change in ammonium concentration over time appeared to be 
greatest in the current BMP treatment, this change (-1.20 mg/L in mean value and -0.02 mg/L in 
median value) was actually negative, indicating that water quality may have improved. High 
levels of nitrates are associated with eutrophication and hypoxia (USEPA, 1997). Similarly, pH in 
the current BMP treatment was found to be statistically similar to that in each of the modified 
BMP treatments after the harvest. Differences in average pH values among harvest treatments 
were very minor (< 0.20 difference in highest and lowest mean and median values) and the 
extent of change appeared to be similar among harvest treatments. None of the BMP 
treatments (current or modified) were found to have ammonium and pH values that were 
statistically similar to those in the unharvested control after the harvest. The mean 
concentration of ammonium was greatest in the control, while mean values for pH were lowest 
in the control. However, differences among treatments (including the control) were very minor 
for both variables (< 0.07 mg/L difference in highest and lowest mean and median values for 
ammonium and < 0.25 for pH).  
For other water quality variables, modified BMPs appear to have been more effective 
than current BMPs in minimizing harvest-related changes. Patterns of statistical significance 
indicate that the implementation of modified BMPs provided for values similar to those present 
in the unharvested control for some of the water quality variables (magnesium, calcium, 
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sodium, and sulfate concentrations) where current BMPs did not. However, differences in 
average values among BMP treatments were still very minor (< 0.30 mg/L difference in highest 
and lowest mean and median values for magnesium, sodium, and calcium and < 0.90 mg/L for 
sulfate) and with the exception of sulfate, the extent of change appeared to be very similar 
among harvest treatments. That concentrations in one or both of the modified BMP treatments 
were found to be statistically similar to those in the unharvested control while those in the 
current BMP treatment were not might be attributed to differences in nutrient uptake among 
treatments. It is possible that the intensive removal of vegetation in the current BMP treatment 
led to greater consumption of nutrients by newer vegetation after the harvest. In fact, both 
mean and median values for magnesium, sodium, calcium, and sulfate concentrations were 
lowest in the current BMP treatment after the harvest. This idea is supported by Arthur et al. 
(1998), who suggested that increased adsorption might explain why post harvest concentrations 
of sulfate were lowest in the watershed that was subjected to the greatest intensity of harvest 
in the same forest. In western North Carolina, Clinton (2011) reported post harvest increases in 
baseflow concentrations of potassium, sodium, calcium, and magnesium in an area that was 
harvested without a riparian buffer, and these observations were partially attributed to the 
impact of the treatment on plant uptake. In the study provided by Clinton (2011), data collection 
ceased approximately two years after the harvest operation was completed. Consequently, the 
results reported by Clinton (2011) represent an earlier streamwater response to harvesting than 
that discussed in the present study. Considering that the riparian zone in the BMP treatment of 
the present study had more time to recover from logging before the collection of post harvest 
data, it is possible that the density of vegetation (and therefore overall nutrient uptake) was 
higher in this treatment than in that mentioned above for Clinton (2011). Witt (2012) suggested 
that accelerated periphyton activity was responsible for the presence of lower nitrate 
concentrations in the BMP treatment. It is possible that periphyton activity is also responsible 
for lower concentrations of magnesium, sodium, calcium, and sulfate in the present study. 
However, if the combined effects of nutrient uptake and periphyton consumption were greatest 
in the BMP treatment after the harvest, decreases in mean and median concentrations across 
time periods would likely have been greatest in this treatment as well, but this was not the case 
(and was not analyzed statistically). These results are very difficult to interpret. While they 
indicate that modified BMPs were more effective than current BMPs in minimizing harvest-
related changes in concentrations of magnesium, sodium, calcium, and sulfate, they also 
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indicate that stream water quality might actually improve with the application of current 
Kentucky BMPs.  
For one of the water quality variables (conductivity), the relative effectiveness of 
modified BMPs was somewhat unclear. A significant difference in conductivity between the 
current BMP treatment and the most conservative harvest treatment was observed after the 
harvest, but conductivity in all of the BMP treatments (current and modified) was found to be 
statistically similar to that in the unharvested control after the harvest. In addition, differences 
in average conductivity among harvest treatments were minor (< 4.30 uS/cm difference 
between highest and lowest mean and median values) after the harvest. It should be noted 
however, that the extent of change in conductivity over time appeared to be much greater in 
the BMP treatment than that observed in the unharvested control. This was also the case when 
the extent of change in the current BMP treatment was compared to that in each of the 
modified BMP treatments. Mean conductivity in the BMP treatment decreased by 14.37 uS/cm 
(from 52.07 uS/cm in 2006 to 37.70 uS/cm in 2014). In the control and in both of the modified 
BMP treatments however, changes in mean conductivity (positive and negative) were less than 
2.20 uS/cm. Higher levels of conductivity are associated with higher stream temperatures 
(USEPA, 1997). As such, it is very interesting that mean conductivity decreased to a considerable 
extent in the current BMP treatment, where regulations permitted the removal of up to 50% of 
overstory trees next to perennial stream and 100% of overstory trees next to intermittent and 
ephemeral streams. It is possible that additional shading provided by new vegetative growth 
and the presence of commercially undesirable species that were left on site contributed to this 
effect. However, it is also important to note that conductivity is a cumulative measure of other 
water quality variables including concentrations of magnesium, calcium, sodium, and sulfate 
(USEPA, 1997), which are usable by plants. As discussed above, it is possible that new growth 
and consumption of nutrients in the BMP treatment following harvest provided for the decrease 
in conductivity observed here. Although the results are different, a relationship between 
conductivity and some of the above-mentioned variables (including magnesium, calcium, and 
sodium) was also suggested by Clinton (2011) for a study in western North Carolina. Lastly, it is 
important to note that before and after the harvest, mean and median conductivity values in 
the control and in all of the BMP treatments were lower than the average value reported by 
Pond (2004; 63 uS/cm) for several reference sites in eastern Kentucky.  
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4.2.2. Stream Channel Morphology 
 
Considering that current BMPs were effective in preventing statistically significant 
changes in channel dimensions (mean bankfull depth, mean bankfull width, cross sectional area, 
upstream bankfull width, center bankfull width, and downstream bankfull width), it is difficult to 
determine extent to which modified BMPs provided additional protection. Not only did the BMP 
treatment prevent harvest-related changes in channel morphology, but it also served as a buffer 
against natural disturbance. As discussed previously, it appears as though a large storm event in 
early May of 2009 (Bowker, 2013; Witt, 2012; Witt et al., 2013) provided for major 
morphological changes in the unharvested control. The absence of a morphological response in 
the current BMP treatment was attributed to the impacts of the harvest trail network and 
logging slash on the movement of water and sediment, and it is likely that the same factors 
were at work in both of the modified BMP treatments. However, it is important to note that a 
couple variables (downstream bankfull width and slope) were found to be significantly different 
in one of the modified BMP treatments (BMP+) after the harvest. In addition, the values for 
bankfull depth in this treatment were found to be significantly different than those in both the 
unharvested control and the BMP++ treatment after the harvest. Because significant changes in 
downstream bankfull width and nearly significant changes in slope (p=0.054) were also observed 
in the unharvested control, it is difficult to determine whether the observed changes were 
related to the 2008-2009 harvest operation or to the storm event in May of 2009. In either case, 
the presence of a morphological response in the more liberal of the two modified BMP 
treatments is hard to explain. It is not likely that this response is directly related to post harvest 
differences in hydrology among harvest treatments. As mentioned previously, major changes in 
the hydrologic response were not observed (Witt, 2012). This response could be related to 
impact of flow on the movement of debris during the May 2009 flood event.   
 
 4.2.3. Content of Woody Debris 
 
 Current BMPs were effective in preventing statistically significant changes in the 
content of woody debris 4-5 years after harvest. As such, the extent to which modified BMPs 
further minimized these changes is once again difficult to determine. However, there was one 
variable (mean decay class) that was found to be significantly different over time in the 
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unharvested control and in both of the modified BMP treatments but not in the current BMP 
treatment, indicating that modified BMPs may have provided for conditions similar to those in 
the unharvested control where current BMPs did not. It appears as though mean decay class 
decreased over time to a significant extent in the control and in both of the modified BMP 
treatments.  
In order for decay class to decrease, there must be additions of lesser decayed wood 
and/or the exclusion of higher decay class wood due to decay, downstream transport, or 
changes in the bankfull boundaries of the channel (outside of which wood was not recorded). It 
is clear that some or all of these processes were occurring in the unharvested control and in all 
of the harvest treatments, in that higher decay class wood (decay classes 2 and 3) was often 
replaced by lesser decayed wood (mostly decay class 2 and sometimes decay class 1). This trend 
was not evident where (1) lesser decayed pieces of wood (decay classes 1 and 2) were present 
before the harvest but not afterward, suggesting that wood decayed, washed out, or was 
excluded, and new wood was not added; (2) higher decay class wood (decay class 3) was added 
after the harvest, suggesting that wood decayed or that there were inputs of highly decayed 
wood; and (3) wood of the same decay class was present in both pre and post harvest time 
periods, suggesting that mobile wood was replaced by wood of the same decay class or that 
wood was largely immobile and the extent of decay was insufficient to provide for a 
reclassification of the wood. For the most part, these three circumstances were observed in the 
unharvested control as well as the current BMP treatment and the BMP++ treatment. However, 
the proportion of sites where decay class increased or remained constant was highest in the 
current BMP treatment (50% in the current BMP treatment compared to 24% in the 
unharvested control, 0% in the BMP+ treatment, and 33% in the BMP++ treatment) and as 
mentioned above, the BMP treatment was the only one that did not exhibit a significant change 
in mean decay class. 
This response (and the absence of statistical significance) may be related to the impact 
of harvest intensity on the recruitment of woody debris. As mentioned in (1) above, 
increase/consistency in decay class was associated with a lack of new woody inputs. The current 
BMP treatment was the least conservative of the three harvest treatments and as such, many 
potential sources of debris (live overstory trees) were eliminated in this treatment. Wider 
streamside management zones (SMZs) and/or increased retention of canopy trees in the 
modified BMP treatments may have provided for greater supplies of new woody inputs than 
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were available in the current BMP treatment. Although very few pieces of new wood (decay 
class 1) were observed after the harvest, it is important to note that while this wood was 
present in the control and in both of the modified harvest treatments, it was not present in the 
current BMP treatment. McClure et al. (2004) did not observe any new wood (decay class 1) in a 
watershed that was clearcut 18 years after harvest, but they did report the presence of new 
wood in a watershed that was harvested with BMPs and in an unharvested control watershed.  
Statistically significant differences in other woody debris variables (number of logs per 
site, mean length of debris, mean of mean diameter of debris, mean volume, total volume, 
mean percent riparian, mean percent stream, number of ground pieces, and number of snag 
pieces) were not observed over time. Nor were significant differences in woody debris variables 
observed among treatments after harvest. For the most part, these results differ from those 
reported by Ralph et al. (1994) for a study in western Washington. Ralph et al. (1994) explored 
the impacts of harvest intensity on the content and distribution of large woody debris (LWD) 
using some of the same criteria (bankfull boundaries) to delineate the area under consideration. 
Although Ralph et al. (1994) did not observe significant differences in wood piece count per unit 
stream length (similar to the “number of logs per site” variable in the present study), they did 
observe differences in debris size (based on the fraction of large-diameter debris) and 
distribution among analysis units. A lack of consistency in size (diameter) results between 
studies can likely be attributed to major differences in the overall time frame considered by 
each study. The logging analysis units provided by Ralph et al. (1996) were representative of 
harvest activity over the course of 40 years, and they mention important differences in riparian 
forest age/development stage among logging analysis units. In the present study data were 
collected 4-5 years after harvest, and it is likely that not enough time had passed to provide for 
major differences in the diameter of instream woody debris among treatments.  
 
4.2.4. Related Variables – Stream Visual Assessment Protocol (SVAP) 
 
It appears as though the modified BMPs were more effective than current BMPs at 
minimizing change over time in most of the variables that were associated with the Stream 
Visual Assessment Protocol (SVAP; NRCS, 1998). Statistically significant changes over time were 
observed for multiple individual SVAP variables (mean channel condition, mean hydrologic 
alteration, mean bank stability, mean instream fish cover, and mean pools) and the overall SVAP 
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scores, but the extent to which these changes occurred differed among treatments. In addition, 
a few of the SVAP variables (mean channel condition, mean hydrologic alteration, and mean 
canopy cover) displayed significant differences among treatments after the harvest.  
It appears as though the greatest changes in mean channel condition, mean hydrologic 
alteration, and mean bank stability were observed in the control and/or current BMP 
treatments. Although significant changes in each of these variables over time were observed in 
the unharvested control and in all but the BMP+ treatment, the distributions of differences 
indicate that changes were less extreme when the modified BMPs were applied. In addition, 
scores for both mean channel condition and mean hydrologic alteration in the modified BMP 
treatments were found to be significantly different and higher on average than those in the 
unharvested control after the harvest. Scores for both variables in the modified BMP treatments 
were also found to be higher on average than those in the current BMP treatment after the 
harvest, but differences among BMP treatments were only significant for mean channel 
condition. These results indicate that modified BMPs were more effective than current BMPs in 
minimizing natural and/or harvested-related changes in channel condition, hydrologic 
alteration, and bank stability.  
These three variables (channel condition, hydrologic alteration, and bank stability) are 
somewhat similar, in that they all include criteria pertaining to channel morphology (NRCS, 
1998). While the language is somewhat different, the observable characteristics are similar. As 
such, the changes reported here are likely related to the same factors that were cited above to 
explain the results for channel dimensions. In the unharvested control, the presence of a 
morphological response was attributed to a major storm event that occurred in early May of 
2009, immediately after the harvest operation was completed. In the BMP treatments, the 
absence of a response was attributed to the impact of the harvest trail network and logging 
slash on the movement of water and sediment during and after this event. However, whereas 
significant changes in channel morphology were not detected in any of the BMP treatments 
when channel dimensions were measured, they were detected in two of the BMP treatments 
when the SVAP was conducted. Considering that the harvest trail network and logging slash 
were present in all three of the BMP treatments, it is difficult to determine why modified BMPs 
were more effective in this case. As mentioned previously, major changes in the hydrologic 
response were not observed (Witt, 2012). It is likely that increased canopy retention and the use 
of improved stream crossings, especially next to intermittent streams (the SVAP was not 
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conducted in ephemeral sites so increased protection at these sites is irrelevant) protected the 
channel banks from further erosion.  
It is very interesting that significant changes in channel morphology in the BMP 
treatments were detected via the SVAP but not via measurement of channel dimensions. These 
results indicate that there are noticeable changes in channel physical structure and stability that 
are not necessarily quantifiable via measurement of channel dimensions at specific points along 
a reach. Whereas changes in the overall width and depth of a channel may be minimal overall, 
these changes might appear larger when specific indicators are present to give the appearance 
of down-cutting, incision, and instability. These indicators include the presence of bare soil, 
undercut banks, exposed roots, and abandoned floodplains. In addition, researchers considered 
all parts of the channel within eyesight of the established reach when they were recording SVAP 
scores. As such, any visible changes in morphology that were outside of the three established 
cross sections were taken into consideration as well.  
It appears as though the modified BMPs were somewhat more effective than current 
BMPs in minimizing changes in mean pools over time. The pattern of statistical significance 
indicates that while significant changes were observed in the unharvested control and current 
BMP treatment over time, they were not observed in the either of the modified BMP 
treatments. However, scores were lower on average in both of the modified BMP treatments 
before the harvest, which may have contributed to the absence of statistical significance, and 
scores were not found to be significantly different among treatments after the harvest. Changes 
in mean pools over time might also be related to the large flood event that occurred in May of 
2009. It is clear that this event provided for major morphological changes in the unharvested 
control, which likely included significant restructuring and/or destruction of pool features via 
accelerated sedimentation. A much smaller response was detected in the harvest treatments 
(via the SVAP and measurement of channel dimensions), and this response was probably 
insufficient to provide for the same magnitude of restructuring and/or destruction of pool 
features that was observed in the unharvested control. However, it is possible that the flood 
contributed to the destruction of stable logjams in all of the harvest treatments, thereby 
eliminating many potential pool-forming features. The absence of statistically significant 
changes in mean pools in both of the modified BMP treatments can likely be attributed to a 
reduction in harvest intensity, especially next to intermittent streams (the SVAP was not 
conducted in ephemeral sites so increased protection at these sites is irrelevant). Channel bank 
 91 
 
trees that were left on site may have provided for the interception and stabilization of woody 
inputs and in doing so provided for the development and/or persistence of pool features. 
In the case of mean instream fish cover, it appears as though current BMPs (rather than 
modified BMPs) were actually more effective in minimizing change over time. Significant 
differences in mean instream fish cover over time were observed in all but the current BMP 
treatment. The scoring system for instream fish cover is based on the total number of instream 
cover types that are available in a given area, and the score decreases as the number of cover 
types decreases (NRCS, 1998). It appears as though the total number of cover types decreased 
over time in the control and in all three of the harvest treatments, even though this change was 
not statistically significant in the current BMP treatment. Among the cover types that may have 
become less available in all of the treatments are deep pools, dense macrophyte beds, and 
isolated backwater pools. A smaller response (and lack of statistically significant change) in the 
current BMP treatment might be attributed to an increase in the availability of alternative cover 
types that were less prevalent in the unharvested control and modified BMP treatments. One 
cover type that may have become more available in the current BMP treatment is the undercut 
bank. As mentioned previously, changes in mean bank stability appeared to be very extreme in 
the current BMP treatment. 
Modified BMPs were more effective than current BMPs at minimizing differences in 
mean canopy cover relative to that in the unharvested control after the harvest. Changes in 
canopy cover over time were not detected via the Wilcoxon Signed Ranks Test, and an analysis 
of pre and post harvest datasets independently revealed that there were no significant 
differences in mean canopy cover among treatments before the harvest was initiated. After the 
harvest however, canopy cover scores in the current BMP treatment were found to be lower on 
average and significantly different than those in the unharvested control and the most 
conservative BMP treatment. These scores were also found to be lower on average than those 
in the BMP+ treatment after the harvest, but these treatments were not significantly different. 
Canopy cover is scored based on the percentage of the stream receiving shade. The score 
decreases where shade increases or decreases beyond specific threshold values (NRCS, 1998). 
Only 1 of 16 sites in the unharvested control and 1 of 13 sites in the BMP++ treatment showed a 
reduction in the score for mean canopy cover, while canopy cover in all of the other sites in 
these treatments remained constant. In both of the sites where the score decreased, the 
percentage of the stream receiving shade actually increased. For all 7 sites in the BMP+ 
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treatment, the score for mean canopy cover remained constant. In the current BMP treatment 
however, the score decreased in 3 of 6 sites. In each of current BMP sites where the score for 
mean canopy cover decreased, the percentage of the stream receiving shade decreased as well. 
Two of these sites were in perennial sections of the stream, and one of these sites was in the 
intermittent section of a stream. It is not surprising that modified BMPs provided for conditions 
similar to those observed in the unharvested control when current BMPs did not. These results 
can likely be attributed to increased retention of canopy trees next to perennial and 
intermittent streams in each of these treatments. It is somewhat surprising that changes in 
mean canopy cover were not observed for any of the intermittent sites in the BMP+ treatment, 
given that logging contractors were permitted to remove up to 75% of the overstory. Of the 7 
sites sampled, 3 of them were intermittent sites. The absence of a response at the intermittent 
level in this treatment might have to do with the fact that post harvest data were collected 4-5 
years after the harvest was completed. Based on the data above and personal observations in 
the field, 4-5 years seems to be enough time for the regenerating forest to develop a lower 
canopy that provides a similar level of shading as that reported before the harvest. Shade may 
also be provided by overstory trees that were not removed during the harvest due to low 
economic value, such as American beech (Fagus grandifolia) and eastern hemlock (Tsuga 
canadensis).  
Lastly, it appears as though modified BMPs did very little to further minimize changes in 
overall SVAP scores over time. In all of the treatments (including the unharvested control), 
overall SVAP scores were found to be significantly different when pre and post harvest datasets 
were compared to one another. In addition, no significant differences among treatments were 
observed after the harvest. Based on median overall SVAP scores from the pre harvest time 
period, it is clear that the control and all of the BMP treatments (current and modified) were in 
“Excellent” condition (score >9.0) before the harvest was initiated. Regardless of the harvest 
treatment employed, average overall SVAP scores were still found to be in “Good” condition 
(SVAP scores ranging from 7.5-8.9 of 10) after the harvest. These results are somewhat 
unexpected considering that (1) modified BMPs seemed to be more effective at minimizing 
changes in most of the individual SVAP variables that were found to be significantly different 
over time and among treatments (with the exception of mean instream fish cover) and (2) 
changes in overall scores should reflect the cumulative effects of change in the individual SVAP 
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variables over time. However, they seem to indicate that for the SVAP, the extent to which 
modified BMPs further minimized natural and harvest-related changes was minor overall.  
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CHAPTER 5: CONCLUSION 
 
In the short-term (4-5 years post harvest), current Kentucky best management practices 
(BMPs) appear to be highly effective in preventing harvest-related changes in water quality, 
stream channel morphology, and the content of woody debris. It is clear that some significant 
differences in water quality were present among treatments after the harvest, but differences in 
average values between the control and BMP treatments during this time period were very 
minor. Additionally, differences in pre and post harvest mean and median values revealed that 
for the most part, very little change occurred in the current BMP treatment. No statistically 
significant changes in stream channel dimensions were observed in the current BMP treatment, 
even though major changes in channel dimensions were observed in the unharvested control, 
and none of the channel dimensions were found to be significantly different between the BMP 
and control treatments after the harvest. Significant changes in channel morphology were 
detected via the Stream Visual Assessment Protocol (NRCS, 1998) but for the most part, these 
changes were similar in magnitude to those observed in the unharvested control. Where 
changes in morphology appeared to be greater in the current BMP treatment (as was the case 
for mean bank stability and mean pools), the results were primarily attributed to the removal of 
riparian trees and the presence of logging equipment within the channel at stream crossings. No 
statistically significant changes in the content of woody debris were observed in the current 
BMP treatment, which was mostly similar to what was observed in the unharvested control. 
Overall SVAP scores in the current BMP treatment were found to be significantly different when 
pre and post harvest datasets were compared, but the extent of change appeared to be similar 
to that observed in the unharvested control, and both were determined to be in “Good” 
condition after the harvest. Altogether, these results indicate that current Kentucky BMPs were 
highly effective in minimizing harvest-related changes in the variables considered here. 
The extent to which modified BMPs further minimized harvest-related changes in water 
quality, stream channel morphology, and the content of woody debris was highly variable. For a 
couple of the water quality variables (ammonium and pH), modified BMPs did very little to 
further minimize the impacts of harvesting, but for others (magnesium, calcium, sodium, and 
sulfate concentrations), they appeared to be more effective than current BMPs at minimizing 
change. The results were less clear for one of the water quality variables (conductivity). 
Regardless, differences in average values among BMP treatments were minor for all of these 
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variables after the harvest. Where modified BMPs were found to be more effective at 
minimizing changes in water quality, it appears as though change in the BMP treatment was 
actually beneficial from a water quality perspective. These results are attributed to differences 
in nutrient uptake as a result of the harvest operation. It was difficult to determine the extent to 
which modified BMPs further minimized harvest-related changes in stream channel dimensions 
and the content of woody debris because most changes were effectively mitigated by the 
current BMP treatment. However, the absence of a statistically significant response in the 
current BMP treatment for one of the variables that was associated with the content of woody 
debris (mean decay class) revealed that modified BMPs might have been more effective in 
providing for conditions similar to those observed in the unharvested control. For stream 
channel dimensions, changes were mostly undetected in all of the BMP treatments, with the 
exception of a couple changes (downstream bankfull width and slope) in the more liberal of the 
two modified BMP treatments. In this case, it is unclear whether or not the modified BMPs 
further minimized harvest related changes. Changes in channel morphology were detected via 
the SVAP. Interestingly, differences in channel morphology were observed for all but the more 
liberal of the two modified BMP treatments. Despite significant changes in the other modified 
BMP treatment, changes appeared to be minimized with the application of modified BMPs. The 
results were mostly similar for all but one of the other SVAP variables (not including those 
where statistical significance was absent). In contrast, average overall SVAP scores indicated 
that collective extent of change was very similar among treatments, with all treatment being in 
“Good” condition 4-5 years after the harvest. 
A couple of the above-mentioned findings are important to highlight. First, over the 
course of this study, it appears as though natural disturbance had a greater impact on stream 
channel dimensions than forest harvesting. A major flood event in early May of 2009 was 
recorded by Bowker (2013), Witt (2012), and Witt et al. (2013) and is likely responsible for the 
changes reported here. Interestingly, the absence of a morphological response in the BMP 
treatments can likely be attributed to the impact of the harvest trial network on the movement 
of water and sediment during and after this event. According to Eisenbies et al. (2007), the way 
in which forest management influences large flood events is not well documented. While, the 
present study was not designed with the specific intention of assessing the impacts of flooding 
on channel morphology, it may provide insight on the relationship between flooding and forest 
harvesting. It appears as though the implementation of forestry BMPs during and after harvest 
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operations might actually protect against major flood-related changes in stream channel 
dimensions. Second, it appears as though this study was not long enough to provide for major 
differences in the content of woody debris among harvest treatments. McClure et al. (2004) 
reported significant differences in both volume and biomass between a watershed that was 
harvested with BMPs and an unharvested control watershed in the same forest, but these data 
were collected 18 years after the harvest was conducted. Others have observed differences in 
volume and biomass of debris among terrestrial stands in different age classes (McCarthy & 
Bailey, 1994). Considering that the present study involved three different harvest treatments of 
varying intensity, it is likely that the content of instream debris will begin to reflect these 
differences as time progresses.  
Overall, it is clear that the short-term (4-5 year) impacts of harvesting on stream water 
quality, stream channel morphology, and the content of woody debris, were effectively 
minimized when current Kentucky BMPs were applied, but the benefits of modified BMPs were 
highly variable and unclear in some cases. Future research should consider the long-term 
impacts of harvesting on each of these characteristics. One consideration for future work might 
be to delineate sampling sites based on features that will not change over time. It is clear from a 
couple photos (pre and post harvest) that a large piece of woody debris was excluded from one 
site due to changes in the bankfull boundaries of the channel. Although it is unclear whether or 
not this occurred on more than one occasion, the possibility adds complication to the 
interpretation of woody debris data.  
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